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SURFACE TREATMENT OF TOPSOIL ROADS 


REPORT ON COOPERATIVE EXPERIMENTS BY THE UNITED STATES BUREAU OF PUBLIC ROADS AND THE 
STATE HIGHWAY DEPARTMENT OF SOUTH CAROLINA 


Reported by J. T. PAULS, Associate Highway Engineer 


; OCAL considerations of traffic and of economic 
L necessity make it certain that relatively low-cost 
road types, constructed of local materials, will 
long continue to constitute a large proportion of our 
_ highway system. In some sections sand-clay and sand- 
clay-gravel surfaces predominate. Where conditions 
are favorable to these types they are entirely satisfac- 
tory, but there is a considerable mileage which is kept 
in a satisfactory condition only by constant and pains- 
taking maintenance at considerable cost. Such road 
surfaces are extremely dusty when dry and frequently 
repair and reconstruction costs amount to large totals. 
Topsoil roads have been built extensively in the 
South, where, in many sections, suitable surfacing 
material occurs as the thin upper layer of the soil, par- 
ticularly on hills and knolls. The material contains 
a preponderance of small gravel particles from which a 
considerable portion of the original clay content has 
been removed by natural processes assisted by culti- 
vation. 

Naturally, all native deposits are not equally suit- 
able for road building. The characteristics and amount 
of the clay as well as the gradation of the coarser 
particles influence the behavior of the material as a 
road surface. Highly plastic clay is not desirable in 
as large a quantity as where it is of a low degree of 
plasticity. An excessive amount of clay, while bonding 
well in dry seasons, is likely to cause muddiness and 
rutting during continued wet weather. A deficiency of 
clay, if not too marked, may prove satisfactory at the 
time of rains, but is apt to result in raveling when 
moisture is lacking. Methods for the determination 
of the quality of clays are not yet fully developed, but 
tests are available by means of which their properties 
may be estimated and compared. tae feo 

Considerable research is being conducted to develop 
methods of eliminating dust and materially reduce 
-maintenance costs on sand-clay or topsoil road surfaces. 
Experiments generally involve the use of bituminous 
materials for the purpose of reinforcing the existing 
surface either by impregnation or by the addition of a 
thin surface layer of greater resistance to the destruc- 
tive agencies of nature and traffic. 


SOUTH CAROLINA STATE HIGHWAY DEPARTMENT EXPERIMENTS 1 


In 1924 the State highway department of South 
Carolina applied a surface treatment to a 7-mile section 
of the topsoil road between Spartanburg and Inman. 
A priming coat of light refined tar was first applied at 
the rate of one-fourth gallon per square yard followed 
by one-third gallon per square yard of either tar or 
asphalt applied hot. Crushed stone, one-fourth to 114 
inches in size, was spread over the surface at a rate of 
about 50 pounds per square yard and the operation was 
completed by rolling. 





1 See Surface Treatment of Roads—Hot Application Method, by N. 8. Anderson, 
maintenance engineer, South Carolina Highway Department, Proceedings of the Fifth 
Annual Asphalt Paving Conference. 
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COOPERATIVE EXPERIMENTS UNDERTAKEN 


The State work yielded such promising results that 
further experiments of this general nature were under- 
taken during 1925 by the South Carolina State highway 
department in cooperation with the United States 
Bureau of Public Roads. 

A 7-mile section of Route 15 in Anderson County, 
beginning west of the city of Anderson, at the end of the 
bituminous pavement and extending west approxi- 
mately 7 miles, was selected for a service test of six 
experimental sections. Details of these sections are 
shown in Table 1. Five other experimental sections 
were located in Spartanburg County on Route 19, 
beginning at the south city limits of Inman and extend- 
ing north on the Spartanburg-Tryon highway to the 
Stateline. These five sections aggregated approxi- 
mately 8 miles in length and were designed as shown in 


Table 2. 





A DovuBLE SURFACE TREATMENT AFTER Two YBARS SERVICE 


Several methods of construction were adopted and 
a number of very different bituminous materials speci- 
fied in order that the maximum amount of information 
might be derived with respect to their behavior when 
applied to road surfaces varying in composition and 
texture. In selecting mineral cover material, it was 
decided to use natural topsoil in comparison with local 
river sand on some of the sections. 


PROPERTIES OF TOPSOIL STUDIED 


Before the construction of these experiments was 
started, a survey was made of the condition of the 
topsoil surface of the roads selected. Samples of the 
material were taken from the surface and subgrade at 
intervals. The results of laboratory tests on these 
samples are given in Table 3. 

A wide variation in the condition of the different 
sections was noted in the survey. The surface was 
smooth and well bonded on a major portion of each, 
but in some places it was loose and in others rough 
and potholed. 

On experimental section 6, from station 280+00 to 
320+00, scaling and crumbling was prevalent. The 
material in this location contained a large amount of 
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Tasiy 1.—Details of construction and re-treatments of experimental sections on Route 15, all sections 20 feet in width 


ORIGINAL TREATMENTS IN MAY AND JUNE, 1925 




















Bituminous material 
Section and station | Type and depth | Gallons | Covering 
| | Character Saunt 
| yard 
«A aoe 8 ATS ies | ny | 
Sec. 1. 0+-00'to 15--84. 2b osce se saa 2 inches. ae | Tar, 8 tOd sd speciiig viscosity.atia40> Camere: ssnces eee 1.5 | None, 
S@G..2. 15-84 10 844932225. 2 ee Gas oe eee eee Medium Quick-dryin ¢10 sas ee ees ee ee 1.5 | None. a a 
Sec, 3, 34-+32 to 1084-24_-______-_-_-- Sete era Tar, 8 to-13 specific viscosity at 40° C_________-------- 38 ete ieee So Os aa 
Sec, 4. 108-+24 to 16104... | dbs 2 he anne | Tar, 18 to 25 specific viscosity at 40° C__-.---.-------- 1 eee erste Ae ee 
Sec, 6, 161-704 to.270+-842 2 = ee ea. G0...2 23 eee ee Slow-dr yin oll tees sree ee ee Ce eh See . 38 Higerranmibee roam ca topsoil, 
: 
Primer: Tar, 8 to 13 specific viscosity at 40° C_..-_----- «25 | , 
Sees(6. 270-84 $0 361-00 22-22 =e aaee Double surface-treated -.___- Second coat: Hot asphalt, 150 to 200 pen_-_------------ 33 |stone, 4 to 1 inch, 
Station 369--00 to'36l-- 00, mowprimer 2225-22 ---- on see eee 














RE- TREATMENTS: 

















Bituminous material 
Section and station Date Type and depth Gallons| Covering 
per 
Character square 
yard 
Sec. 1. eles to Lot 22 oe sia July, 1925 3 -eesee ae Surface-treated___......._..- 





| March, O02 eee Mixed, 3)4 inches 
do 























ah ae ORE Ties s Cet ae EARS SE SC eae ae eee oe Surface-treated_____-----____| 
November, 1925.__| Mixed, 2 inches-......-_____ 
March, 10g7 eee Mixed, 31% inches 
FRED GO cua cee SOUT a corthealedssoaee cena woe 
Sec. 3. 34-32 to 81-+50_ -_...---_-_._-_ | Val yanLO2n eee Scarified=. 2. <a 
eels 3 See Bo. cea ee ee eee November, 1925.__| Surface-treated_.....________ 
SI-FbO GO Q87R24 ses s4oee onc eee eee do... ee Surface-treated_._..__.__-___ 
A Se GO) Aisi OU me Sees eee : 
edo, Me ake Bigs Nata \Mareh, 19S Scarified and surface-treated_| Tar : toils specific viscosity at 409 Caees- ena eee ae 40 Do. 
Ai--00 tOl80--00S ee sas ee seen 8 
G10 E0 108-OA. coal yee aS UnULS ee Surface-treatedsesees -seeee a eee Co Ko Year Perit teas be Sn wedi fae ALE Se a ee a ee Ye ys 25 Do. 
Sec. =A 134-+00 to 161-404 .-.-..-.._-__. July, O25 shee 22 ee Hearified fa7<. sak he. SS ese eel ee ee oe Se ne ee 
pet lac SU oh ee ae a na RL ee | November, 1925__-_ eee ea aa of cee pe Tar, e TOO SPOCihC wiscosity at 40s @ ieee so neee ae ee 2380 Do. 
eT ren LOrLS4e 00s es Sts ene Oe OO 44 2 sa Os ee Ee ee SSO aoe oe = Be ee sD ee he ee ee . 24 Do. 
159=--00't0 1615-04-50 22. == March 19272222 5 Scarified and surface-treated_ | Tar, i to. 18'specifice: viscosityiat: 402 (Ge 222.2 222 eee ede -40 Do. 
1084-24 to\1695-005--. 2.2...) eees (6 (oan Surface-treated 3222 = Peal soe ae oe a ee ee ae ee ee eee <20 Do. 
Sec. 5. ee CO 2TORRi eee ce te November, 1925__-_|_.__- COS nee ee eee | Slow pepldnge OL re Ss ee eee ae Do. 
nee SR eek ed ee ene March; 192%, 3. 25a Be dos 25270 ees 5 TR eG aes oe te Se ee Sen eee ed ee ee oe Do. 
Sec. 6. 279-+-84 to 353-+-00_ _.-..__--.._- November, 1925___|---.- LON Se soe 5 eee 0 (0g St ne air Sea Py RRS Sh eg go Bk a ee 2 Do. 








mica, re et not ene to A cr the bond oe 
also, by collecting in layers and pockets, to cause scaling 
of the surface. The South Carolina highway depart- 
ment has found that those portions of the surface 
containing high percentages of mica are slippery, un- 
stable, and difficult to maintain during the wet season. 

The portions of the surface showing the greatest mica 
content were located in the deeper cuts and on fills 
built with the soil from these cuts. In these locations 
the mica-bearing subsoil had been incorporated with 
the topsoil by the mixing during construction and main- 
tenance. 

The topsoil surface material on the experimental 
sections in Spartanburg County contained in general 
much less mica than the surface on portions of the 
Anderson County road. However, in the former 
county the surface of experimental section 11 between 
stations 729+00 and 791+25 scaled and crumbled 
badly during the progress of the treatment. This 
may have been the result of spreading a coat of finely 
crushed granite during the spring which at the time was 
insufficiently mixed with ‘the clay binder underneath. 

Table 3 shows that the clay content in the topsoil 
material ranged from a minimum of 8 per cent to a 
maximum of 32 per cent, the average being about 20 
per cent. The surface from which the sample con- 
taining 8 per cent clay was taken was loose and badly 
broken. Jn the area represented by the sample having 


32 per cent clay, the surface remained smooth and 
well bonded during dry weather but rutted somewhat 
during wet weather. It appears, by comparing the 
clay content with the condition of the surface, that 
less than 20 per cent clay in this topsoil did not in 
general give a stable and well-bonded surface during 
all seasons of the year. Clay was considered as 
including all particles of less than about 0.02 millimeter 
diameter and on the average constituted approximately 
twice as much material as would have been the case 
had the limit been taken as 0.005 millimeter diameter. 
A diameter of 0.005 millimeter is usually considered 
the upper limit under present soil terminology. The 
low dye-adsorption numbers obtained may be taken 
to indicate a clay low in stickiness and plasticity. 
This probably explains why such a large percentage of 
clay was needed to get a well-bonded surface. 

The low moisture equivalent obtained indicates in 
general that the material dries out very quickly after 
a rain. This characteristic property of the topsoil 
surface was noted during construction. 

Other physical tests add but little to this informa- 
tion, probably due to some extent to the fact that the 
proportion of sand is so large as to render inapplicable 
tests designed primarily for soils. In general, however, 
it is seen that for samples from poorly bonded locations 
the dye adsorption is 5 or less, the;moisture equivalent 
is less than 8, and the Jower liquid. ‘limit is less than 19. 
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LOCAL CONDITIONS CONSIDERED IN SELECTING BITUMINOUS 
MATERIALS 


In selecting bituminous materials for the various 
sections, certain qualities were specified which were 
thought to be desirable with the methods of construc- 
tion and maintenance adopted. For sections 1 and 2, 
materials were desired which would mix readily with 
the topsoil, permit working and smoothing with road 
machinery soon after being applied but which would 
harden with sufficient rapidity to produce a stable 
surface under traffic. 


A thin mat surface, susceptible to further strengthen- 
ing by subsequent treatments, was desired on sections 
3 and 4. For this purpose tars were specified of such 
nature and consistency that they would penetrate the 
topsoil, thus minimizing the danger of displacement 
under traffic. ‘Tars of two consistencies were used to 
determine their relative efficiencies. 


The object on section 5 was the development of a 
surface somewhat similar to those of sections 3 and 4 
-except that a rather light grade of slow-curing oil was 
employed. With such a material it was anticipated 
that a rather plastic mat would result which could be 
shaped by dragging and thickened by later treatments. 


On the double surface treatments, experiments 6 to 
11, inclusive, the purpose was to form a stable mat of 
stone and bituminous material, firmly bonded with the 
topsoil surface. A rather fluid product, designed to 
penetrate the road and to dry with sufficient rapidity 
to permit early application of the second coat, was 
used asa primer. Over this a hot refined tar or asphalt 


was sprayed, the primary function of which was to bind 
the relatively heavy layer of coarse aggregate. 

Table 4 gives the results of tests made on the mineral 
cover materials and Tables 5 and 6 give the character- 
istics of the bituminous materials used on the several 
sections. 





SCARIFYING ToOPsoIL SURFACE FOR THE MIXING TREATMENT 
CONSTRUCTION METHODS DESCRIBED 


Practically the same methods were employed in the 
construction of experimental sections 1 and 2. The 
topsoil road surface in each case was scarified to a depth 
of 2 to 3 inches, after which this loosened material was 
pulverized by disk harrowing. About one-half of the 
loose material was then bladed to the sides of the road 


Tasue 2.—Details of construction and re-treatments of experimental sections on Route 19; from station 0+00 to 38+-00 the surface 
was 25 feet wide and on the remainder 19 feet wide 


ORIGINAL TREATMENTS, 


JUNE, 1925 





Bituminous material 





Gallons | 





Section and station Type Covering 
; per 
Character square | 
| yard | 
| 
| } . A . . . ° 1 | 
S00. (es ee | Double surface-treated . .___- (eased eine ie ee sree Be Sestny BAD Ca ageetes i 4 to 1 inch stone. 


82+-50 to 436-+-001__._.__._..-- ich... EP hs oar ee eee See eee 











GPaErebeayeyee SE LoGS ofeKes elope As tO Ree So a er wees ye | 
Sec. 8. 436+-00 to 512+-00_-_-_---.----- | Double surface-treated - --_-- Reo coat: Hot asphalt, 150 to 200 pen.............. i Do. Ee k 
; . : ae 1, |{512 to 517, 14 to 1 inch stone Sif to 
Sec. 9. 512+00 to 536-+00......--.---- PERM CRU ON EES Sie ae Hee te eres ees | i 533,44 neh chats, 533 to 536, 14 to 
MEMS LTS | n a 
| \fPrimer: Tar, 8 to 13, specific viscosity at 40° C 14 |f536 to 553, 14 to 1 inch slag. 
Sec. 10. 536+00 to 622+50_-.--.-.-.-- Se do. --------------------- Ee CONUPELOU armament n oe ee io 553 to 622°1-50, Y{ to 1 inch stone. 
| Primer: Tar, 8 to 13, specific viscosity at 40° C_______- A 
See. 11. 622+-50 to 791+25__--..------ [ea2s5 CO sons 350k lS eee oer coat: Hot asphalt, 150 to 200 pen-..-_......... % \}34 to 1 inch stone. 











1 This section was double surface-treated by the State highway department in 1925. 


RE-TREATMENTS 








Bituminous material | 





Gallons 








Section and station Date Type Covering 
| per 
Character square | 
| yard | 
| | 
a a a = == = =e eS 
Sec. 7. 38+-00 to 82+-50__.__._______._- November, 1925...) Surface-treated__......._...- | Tar, 18 to 25, specific viscosity at 40° C____| % | Sand. 
03-00: t0 $8-F00.. 2 sooo oe eS March; LO26=e2 2 ap. oa i ee ee Sah | Tar, 8 to 13, ‘specific viscosity at 40° C____- XK Do. 
Roars at Oct Ore-U (Ns ae eee Sen amee | Sy — ee eee eT) pen ha eee Been MA Aeon eat ae nae o scene outa ween eeawnhelectt ence 
Sec. 8. 436-+-00 to 512+-00--_______.-.-- March, 1926______- purfaco-treated=s2-~------.-— Medium quick-drying oil_.----_.__-..__.- % Do. 
Sec. 9. 512-+-00 to 536+-00_.--___.._.___|___-- Co eases Ree oe te ear, | tae ie Tar, 8 to 13, specific viscosity at 40° C__-__ | | Do. 
Sec. 10. 574+-50 to 622+-50-_-.....--.-.- November, 1925___|____- GO pene: arte! See Ce Tar, 13 to 18, specific viscosity at 40° C___-| ye | Do. 
BSG tOin/4--D0 26s. - = eee. ee March, 1926.____-- wee Leyes CR Mele Bevery ey Tar, 8 to 13, specific viscosity at 40° C____-! \% Sente 553 to 574+-50; 536 to 
| 553, stone. 
Sec. 11. 622-++50 to 791+25_.-_____.._-- November, 1925-__|____- GOL eon eo teak at FRR SlOWedivino Olletese ta eon Ce eae % | Sand, 622+-50 to 720, 735 to 
| | 750, 780 to 791+25; re- 
mainder 14-34 inch stone. 

















1 This section was double surface-treated by the State highway department in 1925, 
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PULVERIZING THE Torsoit ArrpR SCARIFYING FINAL APPLICATION OF BiITuMINOUS MATERIAL PREPAR- 
ATORY TO MIxING 





First APPLICATION OF BitTuMINOUS MATERIAL TO A PoR- SHAPING AND COMPACTING 
TION OF THE SoILt. SECOND APPLICATION TO FOLLOW 
AFTER SPREADING THE SoiL SHOWN IN WINDROWS 


TABLE 3.—Analysis and tests of samples of topsoil surfacing from experimental sections 







































































, ~ Na U | 4 pet 2 
SI Mechanical analysis of granular material | 2 Ss & 4 o Shrinkage |$ 8 | 
: S = =) a o 2 Cath | EE SEE 
S| ape | | | L oy) Satso)| oolea i = cai 
: = Ma = Taal fe i | 4 1o S a no Ol oe A = oo ene h Rai 
¢ _ ae | Se 32 $e | te | 48/88 35 as 37, 5s 53 ig . \ See Condition of the topsoil surface 
| S oret oq A=, 3} . } | :6 ah te Wee | b . az) 5 ~ = PHY, 
aii Se ie | BA) Se heel) Sz ee) Seve eel a eich pe ree te meee ee 
Bla |a | 6" | RA 24 | 24 | 22 |24) eo Ja |OR|a |e | Bat Gan ss aka 
Weber eer Weer, Pere ber) een aimee eae len || eer: | | 
| cent | cent | cent | cent cent | cent | cent | cent | cent | Inches 
1528 1 2 | 3 3 7 381 9 | 7 60; 13 27 13 12 25 “ 16 1.8 6 | Smooth and well bonded. 
1529 DaAtetees 6 7 O33 107 LO 75 9 17 3 6 16 0 Tey VO) 6 | Badly broken, poorly bonded. 
1530 | 3 38 | 3 4 AN ae 2h eel Siale tO 61 13 26 6 10 19 3 14 1.9 7 | Smooth and well bonded. 
15381 | 3 74 | 1 3 7 33 | 9 | 6 59 9 32 11 12 27 10 17 1.8 8 Do. 
1532 | 3) 106 | 1 4 7 37 Veto 70 | Saleece 7 7 19 0 BUSS cel eR) 9 | Good; some loose material on the surface. 
1533 Age 125) | 4 6 7 33 12) ee eS 9 18 5 a 18 0 Loess) 7 | Considerable loose material, poorly bonded. 
1534 4 145 | 8 5 bt | 26 12 10 66 148 920 5 8 19 (hel ee a Be) 6 | Good, except poorly bonded at the edges. 
1535 5 170 | 8 7 5" 28 12 12 72 12 16 5 6 17 Oe 14 ieee 9) 8 | Very loose, poorly bonded. 
1536 | 5 213 | = | 6 10 35 11 8 iz L018 5 uf 19 0 16 | 1.8 6 | Do. 
1537 5 | 244 | 7 8 9 2 8 8 COD ner Onin: DB 8 19 4 15, {> 1.8 4 | Good; some loose material at sides. 
1538 5 269 2 | 8 9 30 11 8 (top| PPAR 0 AL 6 9 21 0 16 | 1.8 5 | Do. 
1568 | 6 | 290 2 aul 41 13 12 85 8 | 8 3 fale eee = ey ane | oe | Sees | Very poor, loose and sealing badly in places.. 
1589; 6{| 300; 3 4; 8 33 10 10 68 12 21 6 8 25 0 ZOMeeleed, 8 | Good, some loose material at sides. 
1540 | 6 | 340 3 | 5 | 8 32 11 11 70 10 21 5 8 19 3 yy salar 8 | Smooth, well bonded. 
1562 | 7 5 4 | 7 | 8 26 9 TOM 66a 13 21 7 Cie Ae cal ates Sa Pea ee | a i Do. 
1563 7 28 14 9 | Saeee 8 10 Tae SB; 17 6 Shines es | ee ne Ee TEP he aA 6 | Loose and poorly bonded. 
1545 8 446 8 3 5 34 124] 9 71 10 20 5 | 8 L7H 0 15 1.8 5 | Rough, well bonded. 
1546 8 | 472 5 3 a ecy/ 13.) al 75 9 16 3 6 17 0 Le ales a, 6 | Loose and poorly bonded. 
1547 8 497 8 4 4 | 29 9 10 | 64 9 27 7 13 31 6 ZL AG 6 | Good, well bonded. 
1549 9| 525 11 a 14 11 84 8 10 2 4 15 OD eee sae jie 6 | Loose, poorly bonded. 
1551 10.) 552) | 3 | 4 | 6 33 10 11 67 10 22 9 10 23 0 LONE ln 5 | Good, well bonded. 
1553 10 | 585 | 3 | Da 4 37 13 10 69 9 23 5 8 19 0 LeeLee’ 4 | Good, fairly well bonded. 
1554 10 620 | 1 4) 6 36 11 11 69 9 22 5 9 18 0 TOs 6. Do. 
1555 | 11 661 4 5 | 7 34 11 8 69 9; 20 8 8 9 0 Sita \ lh ea er 8 | Good, well bonded. 
1556 11 693 8 10 7), 30 Ld 9 75 10 16 4 7 18 (OY ele aae Be a7 ee | Smooth, poorly bonded. 
1558 11 | 726 2 7 pee 10)) S121" 64 a tau ais 12| 23 0 19 | 1.6 5 | Fairly smooth; fairly well bonded. 
1559 11 757 8 9 | Ot e2p 12:4 We 71 ies alse 5 7 17 0 LWA) Mare 5 | Loose, very poorly bonded. 
1560 11 785 | 2 5 | 6'}4 30 16 13 1? 1l 17 5 8 20 0 a sa (ae ty 2 (ea eS | Do. 
| | | | | 
SAMPLES TAKEN FROM THE SUBGRADE 
; 
1565 ie | 49 0 1 | Late 9 | 8 45 1 44 LON? 21 44 22 | 27 | 15 | eee 
1548 8 497 0 2 4} 26 8 | 9 49 9 42 Ted! 37 12 ZO Oylese mae 
1552 10 552 5 4 | Culm 29 10 12 66 12 22 7 13 30 0 Zoiclewln Ot leon 28 
1557 11 693 | 1 5 5 23 vf | 8 49 13 38 Sepia 4 33 15 21 | bye | ent a | 
1 | | | 














1 Limiting sizes of silt and clay are as defined for use in testing semigravel, topsoil, and sand-clay aggregate for road surfacing, U. S. Dept. Agr. Bul. 1216, p. 16. Per~ 
centages of silt and clay are based on the total samples, calculated from the results obtained on the material passing the 10-mesh sieve. 
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TABLE 4.—Characteristics of material used for covering on surface 
treatments 


TOPSOIL ON SECTION 3 













































































Mechanical analysis of granular ma- 
terial 
Ma- = . | | . | 
es Where used, stations No. No. | No. | No. Silt | Clay 
ns 4- | No. 10-— 20- | 60- | 100- 
= inch} 10 | No. |} No. | No. | No. 
} 20 60 | 100 200 | 
Per | Per | Wetererneeer |) her |) ber | Per 
cent | cent cent | cent | cent | cent | cent | cent 
1530 | 3 4 | 4 21 eS 10 13 26 
1531 |;34--32 to 854-00___-...-.- 1 3 Uh 33 9 6 9 | 32 
1541 || 12). 3 | Meaaiezeh W109) to 7 
| | 
TOPSOIL ON SECTION 4 
1534 | 1384++00 to 161-++-04._______ 8 | 5 5 26 | 12 10 14 | 20 
Ile | | 
TOPSOIL ON SECTION 5 
1538 | 255+-00 to 279+84.....--- 2) 8 | 9| 29 | 1 8 | 12-|.- 21 
{ 
SAND ON SECTIONS 3, 4, AND 5 
85-++00 to 134-++00 | | ; 
0 ~s-=---- | = - 
1542 aad aoe j Di, -@ Weeagay Me oinelee 4k 225 | 2 3 
| Mechanical analysis, amount retained 
Ma- nana ie ees 
terial Where used | ae of | ! | 
No. | materia Petite 34. i i No. No. 
| inch | inch | inch} inch | 10 20 
JEG Re We latae || Bea Wea serpy | Per 
. cent | cent | cent | cent | cent | cent 
TSUN meChOMuOLte =e e2- na Biotite gneiss 1] 39 81 OR oem eS 2 
26953 | Sections 7, 8,10 and | Gneissoid| 19 3 85 OSs Seer Swe 
on 9 from station | granite. | 
512 to 517. | 
26951 | Section 9 from sta- | Dolomite._-_--_|_-----|------ ial 57 93 | 99 
tion 517 to 533. 
6952 | BeCuiOn Ms Sa Cy | Gneissoid 2 17 49 SF eee rns. Soe 
granite. 


























with a grader, and bituminous material was applied to 
the surface at the rate of one-half gallon per square 
yard. This was followed by disk harrowing several 
times, after which the topsoil at the sides of the road 
was spread over the treatment with the grader. Second 
and third applications of bituminous material were 
made, both similar in amount to the first, and followed 
in each case by disk harrowing, mixing, and shaping 
with a grader. In mixing, the procedure was to blade 
all the material from one side of the road to the other, 
finally shaping the surface to receive the next applica- 
tion. 

After the surface had been thoroughly mixed and 
shaped it was gone over with a steel drag. This 
method worked very well for both sections, the surface 
being completely compacted after a few days of 
occasional dragging. 

Although disking did not prove effective in mixing, 
it is believed that a small amount of such. work is 
beneficial in bringing about a better bond between the 
mixture and the base and also in preventing the forma- 
tion of a rich bituminous mat on the surface. It was 
found that such a mat, if permitted to form, might 
later peel off and lead to the formation of potholes. 

Experimental sections 3 and 4 were both constructed 
in the same manner. The topsoil road surface was 





swept clean, using a revolving broom, followed by 
hand brooming. The bituminous material was then 
added in two applications, the first being made at the 
rate of one-fifth gallon per square yard. The first 
application was covered with pulverized topsoil from 
the shoulders on a portion of these sections, while on 
the remaining portions a fairly coarse local river sand 
was used. 


The first application was left to penetrate and con- 
solidate for a day or two, after which such portions of 
the surface as had excess covering were swept. The 
second application was then made at the rate of 0.18 
gallon per square yard and covered with the same 
material as had been used after the first application. 
The depth of the surface treatment several days after 
completion was about one-half inch. 





APPLYING PRIMING CoaT TO THE TOPSOIL SURFACE 





Stone CovEeRING APPLIED IMMEDIATELY AFTER THE 
APPLICATION OF THE Hor Tor Coat 


A marked difference in the appearance of the surface 
treatment was apparent between the sections where 
sand covering and topsoil covering were used, the 
sanded surface appearing richer and less fragile. 


The method used on section 5 was similar to that on 
sections 3 and 4, except that less sweeping was done 
on the topsoil surface before the first application of oil. 
Local river sand was used in covering a portion of this 
section, and on the remaining portion topsoil from the 
surface of the shoulders was employed. 


A small amount of dragging was done shortly after 
the completion of the treatment to develop a smooth 
finished surface, but continuous machine maintenance 
was not feasible with the thin surface mat formed by 
the single treatment. 
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DOUBLE TREATMENT USED ON SIX SECTIONS 


The remaining experimental sections, Nos. 6 to 11, 
inclusive, were all of the double surface-treatment type. 
The general procedure in making these treatments was 
to sweep the topsoil surface clean of all loose material 
and follow with a priming coat of a light tar or oil at 
the rate of one-fourth gallon per square yard. Where 
holes and breaks occurred in the topsoil surface, repairs 
were made after the priming coat had been applied. 
These repairs usually consisted of filling the depression 
with loose stone, but in the case of very bad breaks a 
bituminous cold-patch mixture was used. Portions of 
sections 6 and 11 required a large amount of such 
repair work. 

The priming coat was permitted to penetrate and 
partially set up for a day or two, after which a heavy 
tar or asphalt was applied hot at the rate of one-third 


gallon per square yard and covered immediately with 
crushed stone, spread by hand at the rate of 45 pounds 
to the square yard. After the crushed stone had been 
spread the surface was rolled with a 5-ton roller and 
opened to traffic. For a period of two or three weeks 
while compaction of the surface was taking place, 
stone thrown to the sides by traffic was collected and 
respread in places where bleeding and picking up indi- 
cated a deficiency of covering. 


The priming material used on sections 8 and 9 was 
a cut-back asphaltic oil. It was found that this oil 
was not homogeneous, and great difficulty was experi- 
enced in applying it, as the distributor nozzles continu- 
ally clogged. Only the thinner oil, which appeared to 
be largely the original cut-back naphtha, penetrated 
the topsoil, while the heavier material formed a mat 
on the surface. 


TABLE 5.—Tests of tars used on experimental sections 














































































































Original treatment Re-treatment 
Laboratory Num berees. secee see eee eae ea 27157 27159 27153 27154 27198 27199 27201 27683 27706 27769 29071 29072 
Sectloten. 2250. oa soe e ee eee ae ee ae 3and6 | land4 | 7and11 |} if | 9and 10 | 10 and 11 ll 3and4 | 7and 10 |7,9,and 10} 3 and 4 i 
34-+32 to} 0-+00 to | | A | | 38+-00 to 
Location of use, stations 108+24, | 15+84, | 0+00 to | 0-+00 to eed Bestel 630 to 729 34+32 to | 82150, tbe 34+32 to | 0400 to 
e Phe oP a ag ae RN coe 279-+84 | 1084-24 to} 824-50 | 82+-50 622-450 791-125 | 161+-04 | 574-+00 to) 515 to 574 161++04 15+84 
to 361 | 161+04 | | os 622-++-00 
| | 
Specific’ pravity, 2b5:at- soe. s eee oes ea iB 1. 184 | 1. 186 1,23 1. 231 1.169 | 1. 158 1. 186 1, £76 1.145 1. 144 1. 133 
Specific: viscosity PH neler, 224 CO {oe ss sere eee | re re ene etl ere Ree al et nee | Meee 48.7 G9 Rime lo age | ea 53.8 67.0 69.9 
Specific viscosity, Engler, 40° C___........-- 8.6 20. 4 A. \ cee SE CF oad 12505 Hie tlas 23: Mineo. 11.4 Pale fi 25.3 
Float test 1322" a (SECONUS)= soe sone eae ee eee eee ee ema 3 veo 167 1327 te ane oa eee ee eas (eS oe Sa alee eee a eee eee |e 
Hloat test, S02s@- (SeGonds ae ets ome nem feet et le epee eee ees Re ee O9y 0 Pee de te coe Sl le ce OSS ee. S| | ee |e 
Bitumen soluble in CSg___--------- per cent..| 91.9 Ol 4p meer 0222 88. 5 81.8 88. 0 89. 6 Cy i) te - e 94. 75 94, 2 91.1 
PreocarhOnssss t= eee ne eee eee (Woseew 8.1 8.6 Wed 11.4 18.1 11.8 105385 Wine 1052 8.8 5.19 5. 2 4.7. 
Inorganic matter insoluble....-_------ douse: 0.0 0.0 0.1 0.1 0.1 0.2 Oscar 0.1 0.:1 » (bases se 0.1 0.0 
Distillation: | | 
WV COT see ee ed ee ee oe ee domes 1.6) 1] 1.4 Oe | 0.0 0.0 2.0 2.4 1.34 1.36 2. 57 0.5 4.1 
DistilledstonvOs;@eesen - ews. - eae adores Pee 2. 20 2. 29 0.0 0.0. | 2.79 Cas arpa LS Seelam & ninth | eee eee 0. 61 2. 54 
LONGO\230 2) Cho a eee ny oe do 225 5. 06 6. 23 COE 2. 25 2.47 9. 36 6. 26 9,12 4, 83 8. 80 8.13 5. 48 
23550: 270 NC eet ae eee es dossee 13.91 12.55 10. 83 7.10 | 6.54 | 10.90 9. 98 11. 50 12. 51 12. 76 13. 05 15. 60 
270) CO/S00 5 On termite toes ae dost: 5. 87 6. 52 6.49 | 38. 66 4.73 5. 10 5. 83 5. 03 6. 24 6. 76 9. 26 7.41 
HiGsidue <—.=3 See eee ee eS dose 73. 21 (250220\ 0) ones. 87.15 | 86.60 71. 84 73. 79 72. 94 75. 33 69. 04 68. 80 68. 70 
Softening point, residue °C_______- do. 30 45 | 34 | 42 49 40 38 38 30 38 50 48 
| } | 
TABLE 6.—Tests of oil products used on experimental sections 
Original treatment Re-treat ment 
f = == ; = ae | 
Laboratory number-.-...-._._.-__| 27158 1 27160 27161 27197 27200 | 27202 27203 27684 27685 27705 27760 29073 29074 
DCChlOM se ae a Xe eee ee eee 6 5 2 | 8and 9 8 | ilk 11 2 5 and 6 11 8 5 | 2 
Location of use, stations___________ 279-++84 to| 161-++04 to} 15+84 to | 466to 512,/429-+50to| 700 to 622+50 | 15+84 to | 161-+-04 to! 622+-50 to} 436-++-00 to} 161+04 to 15+84 to 
| 361+00 | 279-+-84 84+32 | 512 to 586 512 791+25 | to 700 34+32 | 3538+00 | 791+25 | 512+00 | 279+84 | 34+32 
| | | 
Specific gravity 25° at 25° C__ 1. 011 0. 938 0. 929 | 0. 950 1. 031 1.032 | 1. 031 0.9496 | 0.9496 0. 9473 0. 9439 0.955 — 0. 953 
Flash OUI, Cree ete 195 105 20 28 235 235 235 100 99 90 30 130 | 140 
IBUTMIN POM Ge Cee eee 31 23 gl RR pe A oe EA DES ae ol 160 | 160 150 OO ulssaeeeee lessen ees 
Specific viscosity, Engler, 25° C__ 127.5 | Lycee ee a Res OLS ed Be Be , : L 5 1272 121.7 
Specific viscosity, Engler, 40° C_- 42.3 40.5 
Specific viscosity; Bugler, 50%C. 5 |) 2d SSIS LR A yes Oe es a ee eee Se ee ee eee loan eee 
Specific ‘viscosity, Engler, 100° O21) © (82h8\- 2-22 Pablo as oes SP BBC Eee O27 ul) Oth B35 eee ee) 8 eee I ne ey ee 
Float test, 82° 'C., seconds: —-222cc.} 9 1 B07 No RE SP Ime ee a eee Ee ke, ee ea | 
Float. test, 60° C.,, seconds.c10.- 22 sh ae oS ee eer | ee ee | a eg | 
Penetration, 25° C., 100 grams, 5 |} 

SCCONUS# 22.1 Bo. eae Oe eke een ee (cep Se Se Ie a 165 | 161 164 \o2 22s. a Se ee 
HoLcening poimt, 9 Ouse tS eae (2 Se ee 2 he Roos PES Ot Soe ee 40 40 BO) owes orn ooo a cee heen ee ete ee 
Loss, 163° C., 5 hours, 20 grams | 

bees aca Ee per cent__} 1.23 | 13.4 | 24.7 23.05 Aho e ae een eee amore et SLE 9.0 9.5 | 9.6 | 32.2 Usk 7.0 
Residue, float test, 32° C_seconds_!__._______ | Hluid 1671 | 
Residue, float test, 50° C___.do____| 7 il PR 200 
Loss, 163° C., 5 hours, 50 grams | 

A Ss te ee per cent. 64) “S104 |, 92. 21.3 et7 14 16 5.7 6.1 | 6.1 7.4 4.7 4.1 
Residue, float test, 32° C_seconds__|_-.---_-__ Fluid. 516 852 fee Se st ea bate eee eae ea Se a ee eee lone eacwens|saaeee eee 
Residue, float test, 50° C..__do____| Lbs eee! ae 131 207 His eae alban eee sae ot, aE a wee |e SNe oe ee per eee 6.0 6.0 
Residue, penetration 25° C., 100 

Prams; peconds 2S ese | Pee i att ane eed es eee A ee ee 139 147 P46 Ne 22s Se ae ee Se ee ne re 
Bitumen soluble CS2____per cent__ 99.9 99.9 100.0 99.8 | 99.8 99.8 99. 8 100.0 100.0 | 99.9 100.0 99. 9 99. 9 
Organic matter insoluble____do___- Sut vd .0 AZ] <2 .2 eee Se ee eee pili eae see ack ait 
Inorganic matter insoluble ..do___- 0 | .0 | 07 0 0 0 .0 0 -0 | 0 | 0 0 .0 
Per cent bitumen insoluble in 86° | 

B, ADU g eo eee ee 21.5 | ea 19.3 20.0 | 23.6 24,2 23.5 13.3 12.3 | 13.3 17.6 7.6 . 06 
































1 Sample No. 27158 contained about 5 per cent adventitious water. Tests made after dehydration at 105° C. 
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COST DATA KEPT ON VARIOUS SECTIONS 


Cost data on the several experimental sections are 
given in Tables 7 and 8. The costs shown do not 
include charges for overhead or rental of equipment. 
The unit cost of constructing experimental sections 1 
and 2 is high, but would probably be less on larger 
sections. 

Unit costs of materials and labor used on these 
sections were as follows: 


Oil for cold and hot application at refinery__-__-_-- 


eee te eee ee se per gallon__ $0.05 
Tar for cold and hot application, delivered__do-___- ezol 
Stone, 114 inches to one-fourth inch, delivered_- 

Ee Ser es ae 3 SL! eee per ton__ 2. 05 
Common labor, per day of 10 hours____.._-.----- 1. 75-1. 90 


TasLEe 7.—Cost per square yard of various items on sections 1 to 6 







































































BOCHON UN Olesen eaene-Sas- 1 2 3 : 4 6 6 
Covering material____.__ Top-| Top-| Top-| Sand! Top-| Sand} Top- Sand) 144- 
soil} soil | soil | soil soil | inch 
stone 
- #) | = 
Area (square yards) ----- 3,516 | 4,103 |11,262| 5,148 | 5,998 | 5,724 | 5,520 | 20,854) 17,582 
Labor preparing road- | Cents | Cents Cents | Cents | Cents | Cents | Cents Cents Cents 
BV etee tac eh seen ee oe, 0. 64} 0:58 | 1.23 | 1.23 | 0.35 | 0.35 | 0.26 | 0.26 0. 88 
Heating bituminous ma- 
OVI gl sees eee 2 ee eet bo | ohcish| RB ae eect As Le . 28 
Applying bituminous 
materiales: soos BAO") OS | .S2.\) BOOM Clon eo wend ou leer 56 
Hauling covering mate- . 
TiGISoS ose age 2 eee bere Ses ee BOOM ease 403) 2 poe 41 1.10 
Applying covering ma- 
teninlie ot SAo2e2 acs | 1.44] .81 40) CAO Hea Sel SSS e191 0.4 .39 
Tar, delivered___---_.--- PLS 9S Me see = 4. 54 SA eNO Ob: UO Ee ses eis foes 1 eet) 
Oil, cold application_---|------ (AG eee) 8 el fal ae | TRRG sles) e coe 
Eyreight on above._.-..--|2_-.-. 260) 1555 te eee eres eae ASU arte ee 
OTTO tea DDILCaG) Ol ease Semmee ee =|. a ee eas ae eee eee NO RIEGTO: 
Freight on above.-_-----|.----- eee (ft AE eee ae poe | Leere ae ee 58 
WoNer Materinle.=-seee= |e. sce sla es. . ere es ee RE 1 cee RS OE real Og a bss 
uelwonl, etebme: seco MOSM EeT6.| | CONNER VOR WReSEN, eho Ge aod . 83 
Miscellaneous__.-------- SOOLeROS. | . 10a oun oON OUME Aoi Aone 72 
Total cost per square | 
yard (cents)_._---- \28. 30 |14.62 | 7.37 | 8.27 | 6.33 | 6.82 | 4.18 | 4.54 | 15. 27 
Cost per mile, 20) | | 
feet wide (dollars)_|2, 735 11, 715 | 860] 970) 745} 800| 485 | 535/| 1,790 
] | | | | 





TABLE 8.—Cost per square yard of various items on sections 7 to 11 

















Section No ese hens 8 9 10 tale 
@ | ‘i 
Covering material _-_---_- | Stone | Stone | Stone Chats} Slag | Slag | Stone Stone 
| | 
Area (square yards) ____| 19,950 | 16,044 | 1,056 | 3,378 | 633 | 3,589 | 14,67 | 35,625 
‘fe | GF 
| Cents | Cents | Cents Cents | Cents | Cents| Cents Cents 
1 BSH ora) bl eS Ss OS ee 2. 1& | 2. 74 2.74: | 2.74. | 2.740 |) 2.74 | 2,74 2. 74 
Tar for cold application_| 2.823 |______- \s aes eapheens Sr Lamhe aa 2. 823 | 2.823 | 2.823 
Tele GOMLADO Vesa sor mer Once Ec rec.| Seeeee B ee cere AOOOuI O59) |. 000 
Tar for hot application__! 5.76 -|------- 6: 26 Fon TOUS. Oo WeDe ron WeooO0 Yeon = 3 
Freight on above---_---- RT eee = SUZ Poa OTe eer ile ab oles 2 ees 
Oil for cold application_|______- 180 | LeSasuy 1 Ssanib leon des asses sees [ac asees 


Freight on above_-__-_--- i 
Oil for hot application. 

Freight on above___---- 
1 to 44-inch stone______- 
Freight on above_-__--_- 
Limestone chats___--_-_- j 
Freight on above- -_---- E 
nS tay sle pens ayN OWS elec meee Se (ie Sa ee ea eee |e 179384) 1. 933 |: 
















































































Wreiguomabpovoseseseeias 2 sin ony | aie ei WAS OO! SWPatOO eee ee fees 
Fuel and steam__......-| .3445} .3445 .3445) . 3445, .3445) 13445) .3445) 3445 
Miscellaneous_--_--_--- . 5655). 5655; . 5655). 5655) 5655} . 5655) . 5655) . 5655, 
Total cost per | 
Square yard | | 
(cents)_--_------|17.89 14.43 |17.52 |20.68 {17.98 |18.45 |17.89 |14. 79 
Cost per mile, 20 | | | 
feet wide (dol- | | 
eS eels 2, 100 2,425] 2,110, 2,165} 2,100) 1,735 


1,695 2, 055 | 


SERVICE HISTORY OF THE EXPERIMENTAL SECTIONS DESCRIBED 





Since the original treatment of these sections in 
July, 1925, some retreatment has been necessary and 
all sections have been under patrol maintenance. The 


patrol maintenance has consisted largely of repairing 
breaks in the surface, using the same materials as were 
used in the original treatment. In patching the 
double surface-treated sections, good results were 
obtained with the original hot application materials 
and also with commercial cold patching products. 





Tar Mrxep Section WitTHovuT SEAL Coat Suortity AFTER 
CONSTRUCTION 


Most of the retreatments were as had been originally 
planned. In most cases they were for the purpose of 
sealing the surface or of thickening and strengthening 
the original treatment. On several sections, however, 
the work amounted to reconstruction. Table 9 sum- 
marizes the nature and cost of the work done on the 
experimental sections to June, 1927. <A description of 
this work up to August, 1927, and a survey of the con- 
dition of the sections at that time is given below in 
some detail. 

The experiments in Anderson County (secs. 1 to 6) 
have carried much less traffic than those in Spartan- 
burg County. Counts made on the Anderson County 
experiments during the months from January to Sep- 
tember of 1927 showed an average of 456 vehicles and 
a maximum of 935 for the 12-hour period from 7 a. m. 
ton Dem: 

The traffic on the Spartanburg sections has greatly 
increased since the experiments were completed. 
Traffic counts made by the State on week days during 
five summer months of 1924 before these treatments 
were made, showed an average of 636 and a maximum 
of 800 vehicles for the 12-hour period from 7 a. m. to 
7 p. m., while a similar count during the same period 
of 1926 gave an average of 834 and maximum of 1,082 
vehicles. 


SECTION I 


A few months after this section was subjected to 
traffic, evidence of nonuniform mixing developed. 
Corrugations denoting excessive richness appeared in 
some places and in others leanness was indicated by 
raveling. A light seal-coat treatment consisting of tar 
of a specific viscosity at 40°C. of 18 to 25 was applied 
at the rate of one-fifth gallon per square yard and 
covered with sand. This treatment prevented further 
raveling but the mixture continued to be highly un- 
stable in certain areas. 

This section was maintained through the year 1926 
by patching and cutting down corrugations, but in 
March, 1927, it was apparent that further maintenance 
of this character would not be justified. The surface 
was scarified to a depth sufficient to produce a surface 
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layer 31% inches in thickness. An application of tar at 
the rate of 1.1 gallons per square yard was required on 
account of the greater depth of the new surface layer 
and extreme care was taken to secure a homogeneous 
and uniform mixture. After the surface had been 
exposed to traffic for a few days a seal-coat application 
of one-fifth gallon of tar per square yard was applied 
and covered with sand. 

The reconstructed section appears to have been very 
successful. Neither raveling nor evidences of insta- 
bility have developed. The seal coat exhibited a 
tendency to peel off, due probably to the blotting action 
of the fine sand cover which, with the tar, formed a 
Jean mat which did not adhere closely to the mixture 
beneath. 


SECTION 2 


The quick-curing oil used on this section produced a 
more brittle mixture than was desired. It was in- 
tended that the surface should possess sufficient plas- 
ticity to be self-sealing. However, the mixture proved 
to be lean except in spots where, due to the nonuni- 
formity of composition, the surface corrugated. Late 
in the fall of 1925 the entire section was scarified and 
remixed, the mixture being enriched by the addition of 
1.1 gallons per square yard of the slow-curing oil used 
in the construction of section 5. 

Throughout the winter this section remained smooth 
and well bonded, but with the advent of warm weather, 
instability developed and the surface rutted and 
corrugated badly. It was evident that, although 
satisfactory under winter conditions, this mixture 
was too rich to withstand traffic during the summer 
months. 

The section was reconstructed in March, 1927, by 
scarifying and adding 1.1 gallons per square yard of 
slow-curing oil. Mixing was carried to a depth of 
about 31% inches, thus producing a much leaner mixture 
despite the addition of more oil. As a protection to the 
surface from the abrasive action of traffic, one-fifth 
gallon per square yard of the same oil was applied and 
covered with fine sand. 

This surface application acted much the same as that 
on section 1, peeling off badly within a few weeks and 
it appeared that resealing would be required in the near 


future. 
SECTIONS 3 AND 4 


The portions of these experiments upon which topsoil 
cover was used originally, broke up badly shortly after 
construction and were scarified and refinished as topsoil 
surfaces and left to consolidate for four months and 
then retreated. The sand-covered portions remained 
in fair condition. 

In pursuance of the original plan to develop a mat of 
appreciable thickness by subsequent treatments, the 
entire surface of both experiments was treated with 
tar of 18 to 25 specific viscosity at 40° C. during the 
following fall. The areas which had been scarified 
were given about one-third gallon per square yard and 
about one-fourth gallon per square yard was applied 
to the remainder. Sand was used as the mineral cover 
throughout. 

The bituminous mats on these experiments were thin 
and rather brittle and suffered severely from the steel- 
tire traffic to which they were subjected. This condi- 
tion was more prevalent on areas of the road where 
the topsoil was not well bonded. 

In March, 1927, those portions which had given 
particular trouble, aggregating about one-half mile, 
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were re-treated with 0.4 gallon of tar per square yard. 
At the same time the remainder of the sections were 
more lightly treated with one-fourth gallon per square 
yard. The tar was of 13 to 18 specific viscosity at 40° 
C. and sand was used as the cover. 

In general, these sections were in good condition. 
The mat proved stable and as weak spots were gradually 
corrected the amount of maintenance required to keep 
them in repair decreased. 





SECTIONS 3 AND 4. 
BritTLE SuRFACE BROKE AND SCALED 
Bapiy DuriING THE FirsT YEAR BUT Was MATERIALLY 
STRENGTHENED BY LATER RE-TREATMENTS 


Tar PENETRATION TREATMENT ON 


THe THIN 


SECTION 5 


This section was in good condition in November, 
1925, although a few breaks had occurred in the oil 
mat. Following the original plan of thickening this 
mat by repeated treatments, an application of one- 
fifth gallon of the original slow-curing oil per square 
yard was made and covered with sand. The surface 
remained generally in good condition during the sum- 
mer and winter of 1926. Minor breaks developed early 
in 1927 and during March of that year the section was 
again re-treated as before. At the time of inspection 
the section was in excellent condition. It appeared 
likely that little maintenance would be required for 


some time. 
SECTION 6 


A large portion of the topsoil surface on this section 
was poorly bonded. In such places the surface treat- 
ment failed in many instances and made a large amount 
of patching necessary during the first few months. 

For the purpose of strengthening and resealing the 
mat, a treatment of one-fifth gallon per square yard 
of slow-drying oil and sand was applied in November, 
1925, to the whole section with the exception of 800 
feet at the west end. The untreated portion was in 
relatively good condition and it was desired to observe 
its behavior during the winter. 

Numerous breaks developed in the surface mat along 
the edges during the summer of 1926, and were un- 
doubtedly due to poor support by the topsoil. The 
repair of these defects and subsequent ordinary main- 
tenance has kept the experiment in good condition and 
when last inspected no further general re-treatment was 
thought to be necessary in the near future. 


SECTION 7 


The first 3,800 feet of this section was in excellent 
condition late in the fall of 1925 and was permitted to 
go through the winter without re-treatment. The 
remaining portion of the surface had developed numer- 
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ous breaks and was therefore given an application of 
tar of 18 to 25 specific viscosity at 40° C. at the rate 
of one-fifth gallon per square yard. This material was 
applied cold and was covered with sand. 

The latter portion remained in excellent condition 
during the winter but considerable patching was 
required on the part upon which the fall re-treatment 
had been omitted. In March of 1926 this area was 
given an application of tar at the rate of one-fifth gallon 
per square yard and covered with sand. 

The condition of this experiment has since continued 
entirely satisfactory. 

SECTION 8 


This section was not given a re-treatment in the fall 
of 1925 with the result that a large amount of patching 
was required during the winter and early spring. 

A re-treatment consisting of one-fifth gallon of a 
medium quick-curing oil per square yard with a cover- 
ing of sand, was applied during March, 1926. The 
surface has since continued in excellent condition and, 
when last inspected, was not regarded as likely to 
require early re-treatment. 


SECTION 9 


The surface of this section was smooth and showed 
no defects in the fall of 1925. The portion covered 
with dolomite chats had an appearance resembling a 
Topeka pavement, while that on which coarse slag 
was used possessed a rough and granular texture. 

Although some patching was required during the 
first winter after construction on the portion covered 
with chats, its condition was, in general, much better 
than that on which coarse slag was used. 

The entire section was given a re-tréatment of tar of 
8 to 13 specific viscosity at 40° C. and a sand cover 
during March, 1926. The re-treatment resulted in 
marked improvement of the surface, and its subsequent 
behavior has been entirely normal and satisfactory. 


SECTION 10 


The surface between stations 574+50 and 622+ 50 
was treated during the late fall after construction with 
one-fifth gallon of tar of 13 to 18 specific viscosity at 
40° C. and covered with sand. All of this section was 
not treated as it was desired to retain the rough, 
granular surface of the slag portion over the winter 
and at the same time secure information as to the need 
for the early re-treatment. 

The portion of the surface which had not been treated 
in the fall developed many breaks during the winter. 
These breaks were repaired during March, 1926, and 
the surface sealed with an application similar to that 
applied to the other portion during the fall. The 
entire section was in good condition at the time of 
inspection. 

SECTION 11 


The surface of the north half of this section broke up 
badly during the first year after construction. On the 
remaining portion where the underlying topsoil was 
relatively well bonded the surface was in much better 
condition. 

A surface treatment was applied during November, 
1925, using a slow-drying road oil. The oil was covered 
with sand except for two short sections upon which stone 
chips were used. 


The surface of this experiment has continued in 
good condition except for a stretch of about 1 mile on - 
which the topsoil was loosely bonded and unsuitable 
for this type of construction. 


EXPERIENCE INDICATES IMPROVEMENTS IN METHODS OF 
’ DOUBLE-SURFACE TREATMENT 


Observation of the behavior of the different sections 
since the time of construction has suggested several 
changes in the character of the bituminous materials 
and methods of construction, which it is believed would 
improve the surface. In a few cases such changes have 
been carried out in reconstruction. The following dis- 
cussion touches on such factors as appear from the 
results of these experiments to have an 1mportant effect 
on the results secured with the different treatments. 





A Wewtt Bonpep Torsoin SurRFACE SUITABLE FOR 
DouBLE SuRFACE TREATMENT 


A well-bonded surface with good support is essential’ 
for the double-surface treatment of the kind used on 
sections 6 to 11, inclusive. Local surface failures 
which have occurred in these experiments, developed 
where the topsoil surface was poorly bonded. Such 
areas may, of course, be anticipated in any topsoil road, 
but a period of constant and patient maintenance will 
generally result in a satisfactory bituminous surface. 

A priming coat seems to be desirable for this type of 
construction in order to secure a good bond between 
the surface bituminous mat and the topsoil, although 
on a short portion of section 6 where the priming coat 
was omitted, the surface is still in perfect condition. 
On this area, however, the application of hot material 
was heavier than the rest and a thicker mat was origi- 
nally formed. Tar of 8 to 13 specific viscosity at 40° C. 
was used as primer. On well-bonded topsoil surfaces 
the penetration obtained ranged from one-quarter to 
three-eighths-inch. Greater penetration seemed to be 
obtained when the topsoil surface was slightly moist than 
when it was dry and somewhat dusty. Both tar and 
asphaltic oil were used for binder, and one-third gallon 
per square yard seemed to be about the correct amount. 
In one case shoving developed where 0.45 gallon per 
square yard was used. Both tar and asphaltic oil seem 
to be equally satisfactory in producing a well-bonded 
topsoil surface. 

A fragile granite ranging from 144 to 114 inches in 
size was used for covering on most of the double 
surface-treatment experiments. This stone crumbled 
to a much smaller size under rolling and early traffic. 
Where a hard, tough slag of the same size was used 
the surface remained open and rough. Evidently the 
size used was too large for this type of surface treatment 


ee 


November, 1927 





PUBLIC ROADS 


201 








except in the case of the stone which broke up readily. 
For a stone of fairly tough character, 14 to 34 inch in 
size should prove more suitable. 

A supplementary treatment which will seal any small 
breaks or areas not sufficiently covered by the first 
application of heavy material has been shown to be 
desirable before the original treatment goes through 
the first winter. On several areas where this treatment 
was omitted, increased maintenance was needed. 

Further experimental work will be required to deter- 
mine the types of materials most suited for supple- 
mentary treatments. Two grades of road oil, slow- 
drying and quick-drying, respectively, and refined tar 
of 8 to 18 and 18 to 25 specific viscosity at 40° C. were 
used for this purpose. In some cases the sections 
re-treated witha cold application of oil showed somewhat 
uneven covering, due probably to the shearing action 
of traffic on the thin soft mat before it had bonded 
firmly. In the case of the slow-curing oil, brooming 
the sand covering occasionally for a few days following 
the treatment seems to aid in securing a more uniform 
surface mat. Of the two tars, the heavier seems to 
have given a better seal. It is possible that too much 
covering material was used for these light bituminous 
materials. 

The purpose of the original seal coat is primarily to 
seal the surface, while later treatments may be required 
for this purpose and also to increase the plasticity of 
the bituminous mat and to add to its thickness. It 
seems that such results might best be obtained with an 
occasional light application of a heavier grade of tar or 
a cut-back oil prepared from an adhesive asphalt base. 

The character of the mineral cover is as important 
as the bituminous material. A clean, coarse sand or 


stone or slag chips not exceeding one-half inch in 
maximum size is probably best suited for the purpose. 
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AN EXAMPLE OF EXCESSIVE SCALING DUE TO THE IMPROPER 
SELECTION OF SuRFACE TREATMENT MATERIALS 


Sparing use of coarse sand is preferable if the object is 
to reseal or enrich the surface. Coarser material applied 
more heavily should be used in thickening or correcting 
inequalities in the earlier treatments. The above illus- 
tration of similar work on a neighboring project shows 
an extreme case where materials selected for re-treat- 
ments were not suitable for use on the hard smooth sur- 
face of the original treatment. 


MAINTENANCE AN IMPORTANT FACT OR 
The double-treated sections have received only one 


re-treatment which was applied primarily to seal the 
surface. On a few of the experiments this was applied 


before the first winter, while on others re-treatment 
was not made until a year after the original construc- 
tion. The question of how often such treatments will 
be required for the purpose of sealing and adding life 
and thickness to the bituminous mat has not been 
answered. South Carolina has several miles of this 
type of surface which have been in service for three 
years and have received only the first re-treatment. 
It is possible that a re-treatment as often as every 
other year may prove economical by keeping the 
patrol maintenance cost at a minimum. 
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APPEARANCE OF DovuBLE SurRFACE TREATMENT SHORTLY 
AFTER CONSTRUCTION. PaTrrRoL MAaInrTENANCE NEEDED 
AT THIS STAGE TO RESPREAD LOOSE COVERING AND REPAIR 
BROKEN PLACES 


The degree of success to be obtained by this method 
depends almost as much upon correct maintenance as 
upon the original treatments. The careful attention 
devoted to details of construction must not be relaxed 
in maintenance if the greatest benefits are to be derived. 

Patrol maintenance was found to be necessary imme- 
diately after the treated surfaces were opened to traffic. 
It is very important to repair early breaks and respread 
such stone as may be displaced under traffic. The 
cost of such maintenance is high during the first six 
months but thereafter decreases greatly. 


A large portion of the patrol maintenance consisted 
of repairing breaks occurring along the edges. Such 
breaks developed frequently at places where the top- 
soil had not been well bonded previous to applying the 
surface treatment. A substantial reduction in the 
maintenance cost on surface treatments of this type 
will result if some method can be devised for strength- 
ening this portion of the surface. The South Carolina 
highway department is at present experimenting with 
various methods of edge thickening. However, until 
a more adequate method is developed, good results can 
be expected from widening the surface and treating 
to a greater width. 


Maintenance costs on the 3-year-old double surface- 
treatment experiments of the State highway depart- 
ment indicate the decided economy of such treatments 
in comparison with untreated surfaces, which for the 
same traffic conditions cost on the average from $500 
to $600 per mile per year. The present work was, of 
course, relatively expensive during the year immediately 
following construction, but during the last six months 
the costs have been low, substantiating the conclusion 
that with proper attention to maintenance ultimate 
economy may be confidently expected. 
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Based on the successful results obtained with this 
type of treatment, South Carolina has recently treated 
a considerable mileage of well-bonded topsoil roads 
with double surface treatment. 


ENCOURAGING RESULTS SECURED WITH MIXING METHOD ON 
POORLY BONDED SURFACES 

A large mileage of the topsoil roads has poorly 
bonded surfaces. It was hoped to develop a mixing 
treatment suited to this condition. At first it was 
thought that the mixture should be sufficiently rich in 
bitumen to seal itself under traffic. However, experi- 
ments based upon this theory proved unsatisfactory 
because of the shoving that developed. In the recon- 
struction of such sections a lean mixture was used and 
a seal coat added. The indications are that his latter 
construction gives a more stable mixture protected by 
a richer and better sealed surface. 





A Topsoit SurFACE LoosELyY BONDED AND Not SUITABLE 


FOR DouBLE SuRFACE TREATMENT. A Stow-DRyYING 
Or PENETRATION OR MIxED TREATMENT Wovu.tp BE 
BETTER FOR THis CONDITION 


Tests made on the original mixture taken from the sur- 
face showed from 5 to 7 per cent of bituminous binder. 
Shoving had taken place where the binder occurred in 
excess of 6 per cent. With the type of soil which con- 
stituted the surfacing of the mixed sections, about 
1.5 gallons per square yard of nonvolatile binder is 
required to produce a stable mixture of 2-inch thickness. 
This quantity of bitumen was insufficient to thoroughly 
coat the grains of the clay-bearing aggregate used on 
the mixed sections and the bond was derived in part 
from the clay. Other experiments have shown that 
in the absence of clay a sufficient amount of bituminous 
binder must be provided to entirely coat the particles. 
Relatively clean, very fine sandy soils may require as 
high as 10 or 11 per cent by weight of bitumen. 

These amounts are, of course, exclusive of the bitu- 
minous material required for surface enrichment or 
seal coating. The body of the base mixture is fragile 
and easily ‘abraded and must be protected against the 
action of traffic and weather. In case a highly volatile 
cut-back bituminous product is used in the mixture, an 
excess must be provided to compensate for the loss of 
fluxing material through volatilization. 

Refined tar of 18 to 25 specific viscosity at 40° C. 
was used on section 1. On section 2 a quick-drying 
road oil was used in the original treatment and a slow- 
drying oil in the later re-treatment. The tar and 
quick-drying oil behaved similarly, both producing 
mixtures which soon became brittle. The slow-drying 
oil was substituted in the re-treatment of section 2 in 
order to adapt it to machine maintenance. 
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enoden no particular difficulties were Pereira 
in the construction of these sections, care is needed in 
mixing and compacting to prevent the formation of 
rich and lean layers, which tend to occur when com- 
paction of the full depth is attempted in one operation. 
This tendency was largely overcome by progressively 
building up the surface layer. After spreading the 
mixture to the full depth, all except a thin layer was 
bladed off. Again the material was spread over the 
road and again it was removed, leaving an added 
thickness above that which first remained. This 
process was repeated until the full depth was attained. 

The results obtained to date on these two sections 
do not conclusively establish the value of this type of 
treatment but the indications are encouraging where 
the lean mixture and surface enrichment method has 
been used. 
COLD SURFACE TREATMENT WITH SLOW-DRYING OIL SUITED FOR 

SPECIAL CONDITIONS 

Sections 3 and 4 were treated originally with tar of 
8 to 13 and 18 to 25 specific viscosity at 40° C., respec- 
tively. In the later treatment both experiments were 
combined, using the heavier tar. These sections have 
required a large amount of maintenance. The thin 
mat is brittle and breaks very often, particularly 
under steel-tire traffic. Both sections are in fairly 
good condition at present and will probably require 
much less attention in the future. However, future 
possibilities of this type of treatment can not be 
considered entirely satisfactory in view of the accu- 
mulated maintenance costs. 


Section 5 is similar to sections 3 and 4, except that in 
this section a slow-drying oil was used. It was hoped 
that by using this material machine maintenance: 
could be used. This was found to be impossible 
without breaking the thin surface mat. The present 
condition of the section is very good. The built-up 
mat is plastic and does not break as readily as that 
containing tar. Considering the present condition, 
together with the cost to date, this treatment can be 
regarded as satisfactory for use on roads carrying light 
traffic or as a temporary expedient on heavy-traflic 
routes. 

TESTS WARRANT CERTAIN CONCLUSIONS 


Results obtained with the different experimental 
treatments up to this time seem to warrant the follow- 
ing general conclusions: 

A double surface treatment composed of a prime coat 
followed with a binder coat of heavy bituminous ma- 
terial and mineral covering is a successful and econom- 
ical treatment for soil-type roads, provided the surface 
is well supported and bonded. 

Surface treatments of well bonded topsoil roads with 
light tar are not likely to be successful, as a thin fragile 
mat is formed which breaks excessively under traffic. 
. Surface treatments of well-bonded topsoil roads 
with light slow-drying oil, which forms a plastic mat, 
are likely to prove successful under light traffic or, 
for a limited period, under heavier traffic. 

Results on mixed treatment experiments are in- 
conclusive, but indicate the probable success of lean 
mixtures supplemented by surface enrichment. 

A light supplementary application of bituminous 
material which will enrich the surface and at the same 
time seal any small breaks or areas not sufficiently 
covered has been found to be necessary shortly after 
the original treatment. 


THE ACTION OF SULPHATE WATER ON CONCRETE! 


FURTHER TESTS OF SPECIMENS IMMERSED IN MEDICINE LAKE, S. DAK. 


Reported by DALTON G. MILLER, Drainage Engineer, U. S. Bureau of Public Roads 


Tests on concrete cylinders immersed in the sulphate 
waters of Medicine Lake, 8. Dak., for periods up to 
three and one-half years have yielded considerable 
additional data to that contained in the report on the 
tests made at the end of one year’s immersion. As 
pointed out in the earlier report, these experiments 
were designed principally to aid in the general improve- 
ment of farm draintile and particularly to develop 
tile that will endure under the wide range of soil con- 
ditions peculiar to Minnesota. The results are appli- 
cable, however, to many other sections of the United 
States and to concrete culvert pipe subjected to the 
action of sulphate waters under conditions similar to 
those to which draintile are subjected. 

In carrying out the field tests, several hundred con- 
crete cylinders of various materials and treatments 
were immersed in Medicine Lake, S. Dak. The 
laboratory routine of making the cylinders and the 
conditions of exposure were discussed in the first report 
so that only such general details will be reviewed as 
are necessary to make possible a clear understanding 
of the data presented. 


TEST CYLINDERS DESCRIBED 


Each series of test cylinders consisted of five batches 
made on different days, and nine cylinders were made 
from each batch. All cylinders were 2 by 4 inches in 
size. The concrete cylinders were mixed in the pro- 
portion 1:3 by volume with a relative consistency 
of 1.00 and water ratio of about 0.62. The aggregate 
passed all standard physical tests and was separated 
into screen sizes and recombined for each batch to 
produce a fineness modulus of 4.67. The mortar 
cylinders were made of standard Ottawa sand as rep- 
resenting fairly well a poorly graded aggregate such as 
is too often used in smaller size tile. 

Extreme care was exercised to make the cylinders 
of a series as nearly uniform as possible and variables 
were introduced singly in the different series so that 
the influence of any variable on the life of cylinders 
of a series might definitely be determined. 

Thirteen different materials were used as admixtures 
in cylinders. These materials were as follows: Aka- 
gel “A,” barium chloride, blast-furnace slag, Cal, 
calcium chloride, Celite, Colloy, Ironite, powdered fuel 
ash, Trass, Truscon, sulphur, and volcanic ash. The 
amounts of these materials used expressed as a per- 
centage of the weight of cement used are shown in 
Tables 2 and 3. Specimens were also surface treated 
with Inertol, linseed oil, and sulphur. 

Special curing conditions included curing in water 
vapor and steam ranging in temperature from 70° to 
285° F. and covered a wide range of variables as to the 
time of application and duration of the special curing 
period. 





l This report is the result of experiments at the Draintile Laboratory at University 
Farm, St. Paul, Minn., conducted by the department of agriculture of the Uni- 
versity of Minnesota, the Department of Drainage and Waters of the State of Minne- 
sota, and the U. S. Department of Agriculture. This report has been published 
under the title ‘‘Tests of Concrete Exposed to the Sulfate Waters of Medicine Lake, 
South Dakota”’ as University of Minnesota Paper No. 726, Journal Series. 
bi THE ACTION OF SULPHATE WATER ON CONCRETE, Public Roads, vol. 6, No. 8, 

ct., 1925. 


All of the cylinders for exposure in the lake were 
numbered and placed in copper-nailed wooden crates 
with a capacity of 50 cylinders each. In all of the 
crates the cylinders in any vertical row represent the 
same series. The crates were installed in the lake in 
about 5 feet of water and were not subjected to freezing 
and thawing. 

MEDICINE LAKE DESCRIBED 


Medicine lake is a natural alkali lake located 18 
miles northwest of Watertown, S. Dak. It has 
stretches of gravel beach, so the conditions for installing 
field specimens are almost ideal. Analyses of water 
samples taken at different seasons of the year have 
shown a total salt content ranging between 2.34 and 
4.72 per cent, consisting almost entirely of a combina- 
tion of magnesium and sodium sulphates in which the 
magnesium salt greatly predominates. (See Table 1.) 
These are the salts that have caused trouble in Minne- 
sota. The larger of these two figures represents a 
total salt content somewhat in excess of any soil water 
so far found in contact with tile in Minnesota, and 
much more severe than is ordinarily encountered in 
agricultural lands anywhere. 


TasBLE 1.—Analyses of water from Medicine Lake, S. Dak. 


[Analyses by the water and beverage laboratory, Bureau of Chemistry, U. S. 
Department of Agriculture] 
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| > ¥ | . | | | 7 | 
Dee. 10,1923 | 3, 755\1, 006) 5, 012 1 580 28, 898 84) 


282 39, 618 


ithe iene 

781.2__| Feb. 14,1924 | 4,344 1,082| 6,116) Trace. 596] 34, 533! 54) 490 47, 215 

803.2__| Apr. 29, 1924 | 395) 344) 4,276) Trace., 396) 17, 585 98 ae ee 
158 36, 82: 


464! 27,067; 114 


808.2._| July 1,1925 | 3,649 436 4,910 Trace. 
| | 





PERCENTAGE REACTING VALUES 





13.05 4.01) 32.94, 0.00) 1.31 





778.2. 48.10/ 0.22) 0.37,100. 00 
781.2. 12, 67| 3.62| 33.71,  .00| 1.13, 48.22) .12)  .53/100.00 
803.2_- 2,93) 2.22) 45.55 1,00| .45| 47.44) 142} 169,100.00 

48.25, 141, . 22/100, 00 


BOstoea Nee apne rs | 13.58! 1.86] 34.56 
| | 





00) 1.12 





For comparative purposes, specimens similar to those 
immersed in the lake were stored in a tank of ordinary 
tap water at the laboratory. 

Tests have been made on cylinders at periods ranging 
from one to three and one-half years. Figures 1 to 8 
show the condition of the various test groups on removal 
from the lake. Tables 2 and 3 give data on the charac- 
ter, curing, and results of compression tests on the 
cylinders for both the concrete and mortar specimens. 


CONCLUSIONS 


The time of exposure of the cylinders has been too 
short to justify drawing definite conclusions for those 
that as yet show little evidence of deterioration. 
However, study of the data brings out several facts, the 
more important of which are stated below. 
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Cylinders cured in steam at 212° F. after three and 


one-half years in lake years in lake. 





Cylinders variously cured after three and one-half 
Series 96 was the only one in which 


93 94 95 





147 149 


148 





Cylinders made with high alumina cement A and 
variously cured after three years in lake 


the curing temperature reached 212° F. 


Fira. 


1.—CyYLINDERS oF VARIOUS SERIES AFTER THREE AND THREE AND ONE-HALF YEARS IN MEDICINE LAKE. 


ALL THE 


CYLINDERS IN ANY VERTICAL Row ARE OF THE SAME SERIES AND THE SERIES NuMBER Is SHOWN AT THE Top 


(1) Standard Portland cements from different manu- 
facturing plants vary greatly in resistance. This is 
evidenced by tests of more than 30 different cements 
after exposure for one year, and in the case of the 4 
cements used in series 257 to 260 it will be noted that 
after two years exposure the cylinders of series 260 
still had an average compressive strength of 4,390 
pounds per square inch as compared with strengths of 
690, 0, and 0 pounds per square inch for series 257, 
258, and 259, respectively. (See Table 2 and fig 4.) 

(2) All cylinders of high alumina cements made 
very satisfactory showings, up to and including three 
years’ exposure, with the exception of the mortar 
cylinders of high alumina cement B and Ottawa sand 
mixed in the proportion of 1:5. These cylinders, 
designated as series 280, had almost completely failed 
at one year. (Fig. 4.) On the other hand the 1: 5 high 
alumina cement B concrete cylinders of series 290 had 
a strength of 122 per cent of normal at one year and 
showed no visible disintegration. (Fig.5.) The natural 
inference is that high alumina cements, while more 
resistant than standard Portland cements, are not of 
such high resistance as will permit of the use of 
extremely lean mixes for concrete subject to the action 
of sulphate waters. 

(3) Specimens cured in steam at a temperature of 
212° F. continue to make excellent showings in all 


series, and, without exception, cylinders so cured in 
series 77, 78, 79, 80, 81, 105, and 106 averaged stronger - 
after three years in the lake than they did ‘at one year. 
(See Table 2 and fig. 1.) 
(4) Cylinders cured i in steam at a temperature of 212° 
made equally favorable showings irrespective of 
brand of cement used in the mix. 

(5) There is slight difference between the specimens 
cured in steam at a temperature of 212° F. and those 
cured at higher temperatures up to 285°. The left 
photograph ‘of Figure 6 shows cylinders of series 351 
to 355, which taken in numerical order, were cured in 
temperatures of 90°, 212792357) 260°; and 285°. The 
fifth cylinder from the top of series 352 shows slight 
deterioration, while no deterioration is evident in series 
308 to 350. 

(6) The results secured with admixtures were some- 
what indefinite as they were at the end of the first 
year, but they apparently indicate that certain admix- 
tures, if properly handled, may have sufficient value in 
developing resistance to justify their use under special 
conditions. In this connection the cylinders in series 
161, 166, 170, 176, and 180 were of greater average 
strength after two years in the lake than those in the 
lake or in the laboratory tank at one year. Figures 2 
and 3 show the generally excellent appearance of 
cylinders containing admixtures. 
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Cylinders with 10 per cent and 40 per cent admix- Cylinders with 4 per cent and 8 per cent admixtures Cylinders with 4 per cent and 8 per cent admixtures 
tures of blast-furnace slag, variously cured of calcium chloride, variously cured ; of Cal, variously cured 


Fig. 2.—CyLinpERS CoNTAINING ADMIXTURES AFTER THREE YEARS IN LAKE 


| (82 (82 184 165 188 





rs 8 | 


Cylinders without admixture and with 20 per cent 7 I 1 
Ironite admixed and variously cured voleanie ash admixed and variously cured 


Fra. 3—ComPARISON OF CyLINDERS WITH AND WirHouT ADMIXTURES AFTER THREE YEARS IN LAKE 


Cylinders without admixture and with 20 per cent Cylinders without admixture and with 3 per cent 
Alkagel “‘ A” admixed and variously cured 


206 PUBLIC ROADS Vol. 8, No. 9 


256 257 258 259 260 









‘Pas 
+ 
* 
: eee - _ 2 
Cylinders of high alumina cement C Cylinders of different brands of standard Portland Ottawa sand mortar cylinders of various mixes of 
cement high alumina cement B 


Fig. 4—CoMPARISON OF CYLINDERS OF VARIOUS CEMENTS AFTER Two YEARS IN LAKE 
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ee 
Cylinders of various mixes of high alumina Series 291—High alumina, cement C, 1:5 mix Cylinders cured in water at 212° F. for 48 hours. 
cement B. concrete. 
Series 292—High alumina, cement C, 1:5 mix 
mortar. 


Series 293.—Portland cement mortar. 
_ Series 294.—Portland cement mortar, sulphur 
impregnated. 


Series 295.—Portland cement mortar, sulphur 
admixed. 


Fie. 5.—CYLInpERS oF Various Types ArrTeER Two Y®§ARS IN LAKE 
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Cylinders cured in water vapor for 12 hours at Cylinders made with different brands of standard Cylinders made with different brands of standard 
the following temperatures: Portland cement. Portland cement. 

Series 351.—190° F. 

Series 352.—212° F. 

Series 353.—235° F. 

Series 354.—260° F. 

Series 355.—285° F. 


Fig. 6.—CyYLinpERS oF Various Types AFTER ONE AND ONE-HALF YEARS IN LAKE 


gt Sie Sie, 374 375 391 392 393 394 395 401 402 403 404 405 





ae 


Cylinders of series 371 to 373 are of standard Port- 
land cement. ‘Those of 374 and 375 are concrete and 
mortar cylinders, respectively, treated with Inertol. 


Cylinders containing admixtures of Trass ranging 
from zero on the left to 66 per cent on the right. 


Cylinders made with different brands of standard 
Portland cement. 


Fig. 7—CyLinpDERS OF VARIOUS TYPES AFTER ONE YEAR IN LAKE 
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TABLE 2.—Description and tests of all laboratory standard concrete cylinders immersed in Medicine Lake, S. Dak., and parallel tests on 
specimens stored in laboratory tanks 


{Unless otherwise noted the fineness modulus of aggregate is 4.67 and the eas #3 1SBs sie test result, with a few exceptions, is an average of five cylinders made on 
ifferent days 

























































































Curing method Average, of compression tests 
| 
| 
| | | Tank specimens Lake specimens 
| | | = ee ; 
| sii ‘Aeron | arti Ab- Percent-| 
ies | men Tater mixture, Impreg- | Time | 5 sorp- age of 
Series | Jabo- Cement a nation or surface | Time! ,. in | Pera: Me nora 
ratory ‘ treatment in | Time | water, ae of Time | at 21 strength 
| No. moist | eee vapor Ns So in air | days 98 as indi- 
| closet i or pei 7 days) dave l year|1year| cated 2 years1!| 3 years? 
| steam ay by tank 
steam | : 
speci- 
mens 
| | | at one 
| | year 
| = —$—$—_ —__— } —— _ | 
| Lbs.) Lbs aie Lbs. || bbs: 
| Per |persq.| per sq.| per sq.| per sq. Lbs. per | Lbs. per 
| Hours; Days | Hours; °F. | Days | cent in. in. in. in. sq. in. sq. in. 
THR ema | 1l Cue ea Port=;|\" 059s kesseos se. 2 eee Osticancee 69 212 25 7.9 | 1,110 | 1,250) 1,250 | 1, 210 7 el ae 1, 340 
an , one- 
half Portland B. 
73 eloee | dig es eee de Bae lV ecBOVing mete!” (ees See 66 | 212 25! 7.2] 2,260 ! 3,040 | 3,130 | 2,840 91. ee 2, 930 
5 HA Apes 60R er 2h2 25 6.9 | 3,400 | 4,120 | 4,550 | 4, 410 07 |2 5 oe 4, 940 
24 eae ae | 48 212 25 6.9 | 3,060 | 4,020 | 4,600 | 4, 330 94 jee eee 4, 860 
48 | Seber et 24 212 25 6.7 | 2,910 | 3,850 | 4,680 | 4,410 O51) 2 aes 5, 340 | 
Be eae eee 69 155 25 6.9 | 3,360 | 4,210 | 5,380 500 9 0 0 
Guise 66 155 25 6.9 | 3,840 | 4,720 | 5,700 490 9 0 0 
20 aeeee 60 155 25 6.7 | 4,440 | 4,960 | 5, 250 | 1,030 20 0 0 
24 Gegeese 48 155 25 6.6 | 4,350 | 4,550 | 6,460 | 1, 220 19 0 0 
48 \ See 24 155 25 6.7 | 3,540 | 4,210 | 6,250 | 1, 660 27 0 0 
pale ees 69 100 25 6.6 | 3,730 | 4,120 | 5,110 | 1, 480 28 0 0 
6 | BR ER 66} 100 25 | 6.7 | 3,590 | 4,320 | 4, 960 | 1,370 28 0 0 
TAG eae 60 100 25 6.7 | 4,050 | 4,680 | 5,270 | 1, 290 25 0 0 
Pl Eas 48 100 25 6.7 | 4,080 | 4,220 | 5, 240 | 1, 630 31 | 0 0 
8 Hee 24; 100 25 6.8 | 3,510 | 4,060 | 5,010 | 1,920 38 | 0 0 
24 | At, \seee hee eae 28 6.7 | 2,620 | 4,540 | 5,690 | 3, 780 66 2; 210 reeeeecs ce 
CA oe SPS Sere Se 25 7.0 | 3,380 | 3,560 | 5,120 | 3,150 62 1-200 See eae 
771 Se eae 48 100 25 6.8 | 3,810 | 4,000 | 5,640 | 2,020 36 560 0 
24) || Saseaee 48 155 25 6.4 | 4,240 | 4,370 | 5,510 | 1, 660 30 690 0: 
Cy ee 48 | 212 25 6.5 | 3,770 | 4,410 | 4, 560 | 4, 300 94 43010) jase ee oes = 
DAN ents 48 | 155 25 6.3 | 3,900 | 4,770 | 5,690 | 1, 880 33 890 0 
eae Uy CR ins ol 8 [hey 50 cee et e 27 Lanes { 341 ain ly 25] 67] 4,180 | 4,120 | 5,020 | 4,340 87 |) 6,001 eee 
00) erie PW ssbints) | As Gogei as are | PRS ees Iu Tie Serres. A 24 | Peet, © 72 155 24 6.4 | 4,490 | 4,830 | 5,410 | 1, 530 28 560 0 
100.22) RRB te tak ote gag Wicd Sate es We Dt ae a { 3] 223 )} 24| 62] 4310 | 4,900 | 5,730 | 5, 540 OT) 8 renee 
10 eee Liga cada neta Ce ieee ele ON bes { %| ais\} 2] 68] 4,110 | 4,710 | 4,890 | 4, 640 G5} 5,070) ieee scree : 
102ee i Noses saree FOG | ec 0 ie Ae eae rg WX a |; 48) 155| 25] 6.2} 4,550 | 4,730 | 5,580) 980 18 | 0 0 
Ti wesals LT As sinAto tesa BOA ge ue OO eae Teen { 54] 38 |} 25] 60] 4,600] 5,510 | 5,290 | 4,980 04 Hoes toe 5, 510 
104. 2h pense UE a Se B60 | 2 en, ee yee |. 72] 155| 24] 61 4,910 | 5,180 | 5,180 | 1,270 25 0 0 
LOB. azv ch evel ee mera Ree Penta Boke giao 7 Mi { 3] #8 i} 24] 60] 4,820} 5,070 | 4,910 | 5,220 106 |... 6, 000 
$08.42 baa | eee, ea Ree ek Aisne cete 28: Sale as St { eae \ 24| 5.7] 5,119 | 5,990 | 5,320 | 5,250 99°]... saa 5,830 
See 4) Highaluming Ae) |. 64"|-42ce2= See dea Ot Wie eels 48) 155 25 | 6.2) 3,250 | 3,550 | 2,830 | 3, 400 1201s 4, 510 
138_.---- Paine hen OR ain NY ye Wes acs he Big ieee eeere ore } 25} 6.2] 3,150 | 3, 670 | 2,860 | 3, 320 116 \|_22.) ee 2 
refi | ital owen | le GR cre tae Mee Mee Ta DAN Lae a 72| 158 24} 6.1 | 3,160 | 3,840 | 2,640 | 3,790 144 |v ee 
140.} 3) seman See eel ee Has tet eee YS eae 33) 388 |} 24] 62 |.3,1907] 8, god orgo'| 3, 790°) 1801]. alae cae 
ld Me rcs aaa ate Vl iy rel Malema ie oe 8 Joly ae { we| go lt 2| 61 | 3,360 | 3,800 | 3,020 | 3,670 121/|. 24. 2eS eee Oc 
4722S | WAN oe Oba SRE Cd | 24 | Die | Reece sealer pee ee 6.3 | 4,560 | 4,890 | 4,560 | 5, 220 114 6; 410 eee 8s eee 
pes 2 od es do eee (Rae See ee Fe 25 7.0 | 5,020 | 4,810 | 5,310 | 5, 960 112 6, 300s [Stee 282 
149-2208 it: Se Reena, ek( Mee aes 5 ai be eee 48 100 25 6.5 | 5,370 | 5,510 | 5, 240 | 5,450 104 3, O00 peers ae 
Tota eee 10: ee oe Saas S| SRA | 48 155 25 Greet By COUs Me ySTO n| semememee 07 400) | Ses sess 4060 G20) 322) 2 
161i eae 14 |G Gee ewe ay | Sale ees 48| 212 25| 6.11] 3,300 | 3,750 | 2,840 | 3,650 129 4s 110i gets see 
152. ee eee (Ve pee eee 24 | 20) See eA 344 6.3 , 4,570 | 5,040 | 5,100 | 5,040 90: | Saas oe oe eee 
Lb3 2 eee 0 fe eee (6 Faye Se eee 24 | Zt eee ee 56 6.5 | 4,830 | 4,910 | 5,120 | 6,280 £23'" |. <a ae eee = eee 
hie 22 Taba ake eins oe 24 20) \eeeee es ey ae ee 28 6.5 | 4,760 | 4,850 | 5,450 | 5,620 103" |. 252) 5 Seep oc 
155 en it oe eas donee 24, Ga Rope. State 14| 6.5 | 4,250 | 4,960 | 4,570 | 5,770 126: |e eae Sos 
LoBot ee Pak gery Pgs dont eee. . 62 | 24 aes es see 6.3 | 4,710 | 4,860 | 4,380 | 4, 960 113) |... eee ce 
Lay. ae 14 | One-half Port-| .74 | 40 per cent blast- 24 | AD} Ce eaee ae he eres 6.5 | 2,420 | 3,960 | 6,030 | 4, 230 70 Oi SARE are. <2 ee 
| Jand <A, ‘one- furnace slag ad- : 
| half Portland B. | . mixed. ; 
15830 scm TS iy eer Ghoskereeteaen .63 | 10 per cent blast- 24.31 0) aa eae | 35] 6.0 | 2,880 | 4,180 | 5,440 | 5,170 95 3 OB0upeawmoc: =o 
ere slag ad- | | 
mixed. | 
LGOsb2. = pect ny. aware es 74 40 per cent Dlast- | Mees eres) taste | 85] 67! 2,410 | 4,190 | 5,670 | 5,560 98 5, 2207 v2 ‘s 
| ere slag ad- | 
| mixed, | 
160: eee 18 | Fett slo See .63 | 10 per cent blast- ON We ee 48 | 155 35 | 6.4 | 3,850 | 4,010 | 5,300 | 4,800 ‘91 8, 540g oe 
| fae slag ad- | 
mixed. 
1Gi2es—2. | a Feel el WOuws io BeBe .74 | 40 per cent blast- Py Nea Se 48 155 35 6.9 | 3,800 | 4,020 | 5,450 | 4,830 89 6; 640 ooo. cna 
| furnace slag ad- 
mixed. » 
160.2 el Ips 8 peep C(O a pee ak — .63 | 4 per cent calcium 24 | DOU Saee mee see ee ee 5.7 | 2,870 | 4,330 | 5,530 | 3,910 71 1 TLOUE eens - 
| chloride admixed. j 
163-.2505)) pon eee G0 ea eee | ‘.79|8 per cent calcium 24 20 es ese Si ase ee 35 7.1 | 2,200 | 3,010 | 4,280 | 3,550 83 3, 190s). sees ee = 
| chloride admixed. | 
16424246 el eee M0. 2505 twa .63 | 4 per cent calcium 24 20 geeian|neeese 2 35 5.9 | 2,940 | 4,000 | 5,450 | 5,050 93 6,'240,)\ 2525 — See 
chloride admixed. 
165:...-- CBO Mere nee .79 | 8 per cent calcium | 24 |-____.. 48| 155| 35] 7.1] 3,800 | 3,640 | 4,600 | 3,300 72'\” “8,860. cannes 
, chloride admixed. 




















1 Figures in parentheses show percentage of normal strength as indicated by parallel tests on cylinders from same batches stored in tap water in the laboratory. 
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TABLE 2.—Description and tests of all laboratory standard concrete cylinders immersed in Medicine Lake, S. Dak., and parallel tests on 
specimens stored in laboratory tanks—Continued 
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Curing method Average of compression tests 
Tank specimens Lake specimens 
ean Admixture, impreg | | Ae | ay | 
i mix P Time | Tem- sorp- f 
Betles "| jabo- Cement Water “nation or surface | Time | ,.. iol pers. ftir (onal | 
No. t ratio : Time D norma 
ratory treatment in in. | Water, ture of Time | at 21 | strength 
No. moist water | V@Por water | in air | days 28 as indi- _— 
closet or or | 7 days| days 1 year}1year| cated 2 years | 3 years 
| steam | steam | y by tank 
speci- 
| | | mens 
| | at one 
| year 
| Lbs. | Lbs. | Lbs. | Lbs. | 
Saal Beer ae Sq. Re sq. bas sq.| per sq.| Lbs. per | Lbs. per | Lbs. per 
Hours| Days Hours 5 ays | cent 1 | in. sq. in. sqg.in. | sq.in. 
#6622... 2- 18 eee ne 0.63 4 per cent calcium ps, eee | 48 155 85} 5.8 My 840 | 4, 920 4, 990 4, 460 89 On e40, dea as ee 
an one- chloride admixed. : 
half Portland iB: | 
NG fetes TS hon se [aKG}) See eye .59 | 4 per cent Cal ad- 24 DY ek es Sah Mrs scapes 5.7 | 3,200 | 4,150 | 4,860 | 3, 910 80 BoSU! tee 
mixed. | 
BS eee 18) eee WOES eee oe 60 | 8 per cent Cal ad- 24 10 ee eat 85! 5.8 | 3,180 | 4,290 | 5,570; 4,620 83 3, 690 EO ne 
mixed. 
160 s.oes TSiee-ss (COA ee aS .59 | 4 per cent Cal ad- 24 | QU) Weeeowve eee as 35 5.8 | 3,250 | 4,280 | 4,550 | 4, 800 105 3, 620 irae 
| mixed. | | 
ile tae 5 Ra eee cee Gho\icaetse, Seas .60'| Sper cent. Cal ad= |). -24 |-_2-_.- 48 155. 35 6.0 | 4,990 | 4,670 | 5,030 | 5,010 100 | 67200 ees Shes 
mixed. | | | 
1 Gem es TBs oe to) eee ee ed .59 | 4 per cent Cal ad- VIE ae ees 48 155 35 6.0 | 4, 550 | 4, 690 | 5, 140 | 4, 980 97 | 5f060 [a2 22 se 
: mixed. 
Riis... 18 tee ce ae Bo | eee Pepa penes See oot eae J) 351 5.6 | 2,870 | 4,190 | 5,300 | 4,370 Bole) BOS fee ee 
ieee 3 eee (Cloke 2 Se ee -61 | 20 per cent ironite 24 20) Wee Soe Salers 35 5.9 | 2,950 | 3,980 | 4,890 | 5,020 102 4, 000 | Soe Saas 
| admixed. | 
Nise cosas key ees CO zeae eeaa 369i |. See ee ee 0 i 8 5 48 155 35 6.1 | 4,020 4,390 | 4,330 | 3,910 90 | ploy (Nl Sepa 
1G ke ees AB iES 2 (9 [0a eo en »61 | 20 per cent Ironite CEG ee 48 155 35 6.1 | 3,880 | 4,440 | 5,510 | 4, 630 84 | 4, 8300n. 2 sees 
| admixed. 
a --=--- LStieeas ” Boe 6]: | see 0 See ee 7a a 48 100 2 6.1 | 3,680 | 4, 220 | 5, oan > a iS | iY oa eee ene ee 
iW ES eres J8|-e2ce Ofs-aeeenee Ps A fe aoe ee 24 OT INES see [esneaws 5 5.9 | 2,520 | 4,200 | 4 ; (eam at 
Geese TS ieee Oss ase eee .74 | 20 per cent volcanic 24 DON bee eee eee on 35 6.8 | 1,900 | 3, 210 5, 450 | 2,960 64 | 1,970 ae Beef 
|. ash admixed. | | me 
iW eee JS! |Saees Cove es sce. . 59 Wee ee eomser Age esa pt 5a | see ee 48 155 35 5.8 | 4,110 | 4,510 | 5, 210 | 3, 820 73 2 380i) cee oe 
S0nee- os SCRA Oz ee a .74 20 per cent volcanic Dy a 48 | 155 35 7.6 | 3,240 | 8,340 | 4,440 | 3, 600 81 | ae OL Oise eee 
| ash admixed. | 
oF ------ ii eee Se ne Rees Si once of 4) [oomme OTe ee cane 2G le Sea: 48 100 Ha (Bei eh as 2, an a oe ¢ He ee y es ape se 
US2Zeosoee TSifes<—= Olea s=sceee ; 59s see eee Doe 24 7) 0h Rae eel (ee 5 6.0 | 2, 800 , 010 | 5, . | y pe tone eee 
LSS cese me ISieeeo (6 (oe am .63 | 3 per cent Alkagel 24 20 leseeeeeleseeee 35 6.3 2, 260 | 3,560 | 4,570 | 3, 520 77 | 2; 140 ivcnacaees 
fay. ” d 
admixed. | | 
1840 cose ISP ses Oss seaeseeeee , 69) hee ees Eine ie es ps 48 155 35 | 6.0 |4,070 y 530 (5,100 |4, 240 83 4700S) 24 eee 
Th ee 1S eece (6 Kote ee .63 | 3 per cent Alkagel 48 155 385 | 5.0 |3,280 |8,940 |4,570 |3, 300 72 | 9,000 Ress -seeoe 
| “A”? admixed_--- 
1862 2—=== ie es Os ee eens ~ 65:1 /Baaae COs eee ee Davao eee 2 | 48 100 35 5.4 | 8,120 | 3,780 | 3,820 | 8,550 93 3; OCONEE ates 
208-212-- DH EgINAlIMUnaDeele |. 61 eee one sees cee 24 | 20 a see lee nc 35 4.9 | 6,700 | 6,780 | 6, 260 | 7, 420 118 | 7,690(95)| 7, 240(91) 
243-247 -- 28 |Special A 12-22... « 60) | PRs eae? Beene 24 DAWN iso SOS cake 35 6.2 | 2,910 | 3,770 | 5,370 | 4,080 75 | 780(12) 0 
P5270 bs DS eel igh aliaming Ocal) y. 63) \isese acces Sere!) 24 Py eestor eae 35 | 5.4 | 7,730 | 7,230 | 7,480 | 7,010. 94 72430) | aes eee 
2565 2=3- 61 | One-half kre 060 | Pee eee ects 24 | 20) Nee seesct cesses 35 5.8 | 2,780 | 3,950 | 5, 200 | 1, 480 28 120; eee Se 
A, one-half | ; | | | 
Portland B. | 
PA ERE = Gai Portland: Aes ss 559) pReeiee Se ENS Ten ee 24 0 Ween Seen ase 2) 85 5.8 | 2,720 | 4,290 | 5,490 | 3,190 58 | 690 aseeee ae 
Bb Sse. 620|-Portland, Bias. 3)! te |» ee eee me Ea 24 200 tee eee Se 35 5.8 | 2,960 3,790 | 4,580 800 17 0 | epee es 
Pay ae Bes} Lorvliand) Dl o2s.. 3100 (eee Fated ek See 24 PA) (he a Ol eee 35 5.4 | 3,340 | 4,780 | 5,900 | 1,590 27 Orie seeeess2 
260 <= -<25 34 | Portland C-____--. 66 Saar Ss ee ee 24 | Nee eee serene 35 6.1 | 3,340 | 4,540 | 5,980 | 5, 090 85 4 890i |kecceeen ce 
B80 22a see Zinetichslumingib cs» 544 aes 5 oS es 24 DUC er at tense 35 5.1 | 7,490 | 6,820 | 8,080 | 8, 460 LO Gaps, foe mal een 
287-288. - CX il ee dot. ae OOM Reese 252 eae eee 24 | BEAU es as ee Races a 35 4.9 | 7,080 | 6,620 | 8,160 | 8, 210 101 | GANG ees faree 
D0" oe Fail a ee (ONG Sipe aes a as ae iY a ee ee eee 24 | 20) (eee IE es 35 5.3 | 6,560 | 5,680 | 6,290 | 6, 160 he | al eae €l eieene ts oe 
290s eeee Zhe areee dos sees Sls (PSs: eee eee coe 24 | 20) | Seance sitoneaas 35 5.8 | 4,640 | 4,840 | 4,150 | 5, 080 U22i ee Se SS Hea oe eee 
G30) he Ses) 58 | High alumina C_- 3 1Q) |e Soe omare are eee aire 24 | FU ny | pei Sl Se Gee. a 35 6.5 | 4,360 | 4,680 | 2,910 4, 370 N51) Rey geen eed ee ee 
D0Gre aon Glee One-halt Portland 4) .,\62, |= cease ee sees eee pe eee 48 |) 212 53 6.5 | 3,330 | e 660 | 5, 020 4 390 SO Wee Boon steerer 
A, one-half | | 
Portland B. | 
OTe aces Go \ebortiand A e-2. = 60); | aak Se eae eee AP he ese 48 212 53 6.4 3,650 38,660 | 4,680 | 4,600 el a ee eee 
62 | Portland B1__---- 62 | Sree et ee ea oe || ae | 48 | 212 53 6.9 3,700 | 3,880'| 4, 580 4, 480 OS eee aoe ae eee 
38. Portland: D222. 60) jo. Sa SSeS eS sce PANG aes ee 48 212 53 6.4 3,690 | 8,770 | 4,620 4, 270 O27 sbeen ake eay lene 
34) |) Portland C222 = SOT (2eb Se et y 7.) | Seen 48 212 53 6.6 3,880 4,540 | 4,940 4, 890 OOS aE. Se. | ee 
61 | One-half Port- 162 \-SSee See SS eee 7 ae eee 48 212 53 6.5 38,690 3,610 | 4, 500 4 480 LOONIE Sass: ae |---~==---- 
land A, one-half | 
Portland B. | | | 
pUzeesee 35 | Portland E...-.-- 60) (2g See eee aes SAN ae ee 48 212 53 6.2 3,540 | 3,580 | 4,550 | 4,450 | 
S03 222 se Bie eornend,) Poke ace 60) RASS =. Saee ee eee PEG ee © ares 48 212 53 6.0 | 3,550 , 8,900 | 5,060 | 4,920 | 
BOTs | 39 | Portland G1-_-...- 60) |: ee see ee ee a a hg ees 48 212 53 6.2 3,740 | 3,920 | 4,990 | 4, 680 
B0os eee | die Bortinnd Hest 22 OO) ene eee eee DAF eee ey 48 212 53 6.1 3,730 3,840 | 4,860 | 4,410 | 
S00 sates CigiOne-aliee Porte ..62y|22 eames meee ee oy ieee ae 48 | 212 53 | 6.2) 8,280 | 3,920 | 4,480 | 4,410 | 
land A, one-half 
Portland B. | | ' 
Bit oie seat 40 | Portland I__.__-.- fs ee tags eh ged apie eer 48 | 212 53 | 5.9 3,420 4,150 | 5,090 | 4,190 | ys ee on real Hoe cen 
a0smeoee 42 | Portland J.--...- 162" Riera ge enn Os Pye aes Se 48 | 212 53 | 6.4 2,650 | 3,240 | 4,680 | 3, 480 Td | eas eae ee 
elie ae 55 | Portland K1_-.__- Ba Ped be Bs Fe, Nes os Ns ae DA eine 48 | 212 58 | 6.5 | 3,260 | 4,200 | 4,950 | 4, 910 | (oe) Die Seva ee ares 
oLObee= 60 | Portland Li_.-_-- 60 Nice eae ewan nae boenesese 77. Nee, 48 212 53 6.2 3,260 | 3, 870 5 060 | 4, 460 88 Be) oS |S ees Oe 
Sie 65 | Portland M---.-- 260), |e Res ee ee e DANE ee: ZBI Oni) 53 | 5.5 | 4,660 | 5,580 | 5,810 | 5,570 06: BE Fae e. |e 
i ee alee ee. (aes $60 Eo See at ee oee 24 Q0Ne conabebose-ae 35 5.9 | 8,150 | 3,950 | 6,050 | 2, 250 |. BY (se eo ees cele a 
B14.5, te 65 \255=.. (keh Se eee ee 1:60) |. Soesee oe see Beste ne oe 2A eee 48 155 53 6.0 4,460 4,010 | 6,170 | 5, 430 88 Jenne anne nn |-n enn nee 
olbv a =. i eae GOes ee ten oes AO ee = es eee EN ef ag Re 48 100 53 6.2 | 3,740 | 3,800 | 5,970 | 4,230 NLWM crc Bs hes = HLA Se Se 
SOlssseac 74 | One-half Port- «O20 eee een ee 24st ae 12 190 54 6.6 | 2,650 | 2,940 | 5,320 | 1, 730 33 |~---------|-=-------- 
land A, one-half | 
Portland B. | | 
d DAM Shoe 12 212 54 6.9 | 2,450 | 2,910 | 5,230 | 4, 240 | till os SF oe [eee aan 
PANE Joab. 3 12 235 54 7.3 1,900 | 2,750 | 4,780 | 3,800 | rial POEs rec ean (Se oe 
PL aes 12| 260 54] 7.1, 2,270 | 2,490 | 4,880 | 3,760 Th ee i eye Es 
24 Eve 2 12 285 54 7,2 2,260 2,870 4,340 3,870 ' SOW les es. yeaa Se ee seers 





3 Mix 1:4. 4 Mix 1:5. 
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TaBLE 2.—Description and tests of all laboratory standard concrete cylinders immersed in M edicine Lake, S. Dak., and parallel tests on 
specimens stored in laboratory tanks—Continued 








































































































—— = Sed 
| | Curing method Average of compression tests 
| | 
| | | Tank specimens Lake specimens 
ne Aaa Ab- pie 
tag | ment | 7 mixture, impreg- Time | Tem- sorp- age 0: 
pees labo- Cement weet nation or surface Time | in | pera- tion | normal 
| ratory ‘ treatment in | | Time water, ture of Time at 21 strength 
No. moist | in vapor water | in air | days 98 as indi- 
| | closet | W8%") or or Tdays gays 1 year lyear| cated | 2years | 3 years 
| steam | steam | by tank 
speci- 
| mens 
at one | 
year 
Lbs. | Lbs. | Lbs. | Lbs. 
| Per | per sq. per sq. | per sq. | as sq.| Lbs. per | Lbs. per Lbs. per 
| Hours, Days | Hours) °F. | Days | cent in. in. in. | sq. in. sg.im. | sq. in 
ral a} A fae a | 80 | Portland F__..... | 24 | 20 WE oe ree 35 6.3 | 2,870 | 4,320 | 6,350 | ar 0 
oop ee Rae | 29) Portland IN is 2222 24 24) Vie ease 35 6.1 3, 220 | 4, 600 6 970 | 4,000 
30am eee 89 | Portland O1__..-- 24 | 20 SR SES | 35 5.9 | 4,010 | 5, 220 6, 730 670 
364252. Si) Portland hee 24 D015 ees eee | 35 5.8 | 3.340 | 4,770 | 7,320 | 2,910 
300.2 -sce 83 |) Portland Hee 24 PADIS IR cts en cen 35 6.1 | 3,940 | 4,770 | 6,280 3, 680 
306552 -. 77,96 | Portland G2-_---- 24 | O05) eS ree oe 35 6.0 4 050 | 4,820 | 5,900 | 1,930 
OOlaueece 82,95 | Portland C..-__.. 24 | 20 3 Se eee Ses 35 6.8 3, 220 | 4,320 | 6, 270 | 4 790 
S685 2S 85, 94 | Portland D____--- 24 | 20 See ae 35 6.4 3 390 4,130 5 730 2, 980 
BO0sasace 86, 99 | Portland I___....- 24 PI 0G) Peas 5 08 Pei ed 35 6.1 | 3,590 | 4,370 | 6,110 | 4,470 
ay (eee | -87;,.88: | Portland P2-222_- 24 | 20 a eee |S 35 6.1 | 3,730 | 5,040 6, 540 ~—s- 810 
Bilseeeee 84 | Portland L2__.... 24 20) (Se ee 35 5.8 | 3,690 | 5, 000 5 770 | 3,170 i ee er z 
Biase 97 | Portland K2___... 24 20 Nera see es 35 5.4 | 3,120 | 4, 440 5 720 4 600 80) > 2S et 2 ae 
7; ae 98 | Portland K1___... 24 | QO Nee eerie eae 35 6.1 4 220 4,970 | 7,050 = 400 48) he ee 
yt ae | 74 | One-half  Port- 24 20) eo ee eee 35 Gari 2, 930 | 4,870 | 5, 570 | 5 390 OF oe ee oe ees 
| land A, one-half | | 
Portland B. 
18) | 74 | One-half Port- a O25 |e eee ee eee ey 24 | 20) fe eee eal oe foe 35 6.3 | 3,130 | 4,890 | 6,060 | 2, 480 Sa)e See Oe 
| land A, one-half 
| Portland B. 
O02 eae TA sees Ores Sees .76 | 33 per cent Trass ad- 24 20 JZ eee es ee 35 7.3 | 2,710 | 3,830 | 5,790 | 5, 040 80)_ 5233 eee 
mixe | 
392a 3____ 14s || ee Osseo ee ati) Pare G03 5 See ee | 24 20 een eee S 35 7.1 | 2,480 | 3,450 | 5,260 | 4,170 19: |. eee 
303 soe 7 ee osees- =e .93 | 66 per cent Trass ad- 24 20" ae en Eee 35 9.1 | 1,930 | 3,350 | 4,600 | 4, 400 9625: ES ee 
| mixed. | | 
393a $____ as COs ee 09): | 2250 or eae bee eee 24 20 Tees Se ee 35 8.4 | 1,440 | 2,670 | 4,270, 3, 660 86. J. 2 Se 
See SOs me ortland ise sees .78 | 33 per cent Trass ad- 24 20K ante ese |e ee 35 6.8 | 3,330 | 4, 690 6, 620 | 5, 300 SO) ook sees Seen eee 
mixe } 
394a 3____| S62 S222 dO Se22e as 2 tat he | ee 6. Ses ee 24 | 20) 2 See ee 35 6.7 | 3,000 | 3,850 | 6,170 | 4,140 
8952-2 .5 bo Oh gees G0secsaepeeeae .95 | 66 per si Trass ad- 24 20,2 ee Ee aes 35 7.6 | 2,710 | 3,770 | 6,060 | 4,300 
| mixed. | 
395a 4____| pele}, (ee ta G Vos, Re 1.09 | 24 20:4 es ee 35 7.3 | 2,280 | 3,380 | 4,090 | 3,810 
DUG. eee | 70,71 | High mianine Belt ea ea 24 PAS So eo 35 5.6 | 5,300 | 5,760 | 6,110 | 5, 780 
BU) eee hier flee ‘oko ae eR ees . 08 | 24 (1 Lee ee Se eo 35 4.9 | 6,660 | 7,120 | 8,100 | 7, 580 
21) eer CaSrely |e Kee SS ee . 59: | 24 | P2Oh oe Sea es 35 5.3 | 6,890 | 7,210 | 8, 630 | 7, 390 
i eee CAO Al a WMO sr st ees i) S73. 24 | ZO Mls Sees eae 35 6.3 | 5,950 | 5,710 | 6,440 | 5, 400 
£005* 8 body (aon Se oes uel, el Bee eestcie! 24 20 eee ee a 35 7.6 | 5,140 | 4, 230 3 480 | 3, Le LOO ee 2255 See eee 
ZEAE 2 |. 100} Portland Qi_-_-__-- OD" |: ee A A Le | 24 200 ae eee 35 6.4 | 2, 900 | 4 310 5 110 0”) cu See 
A022 10D Portlangehssse-= G2) [cc eee AS ies SO 24 | 20 iin Sea eee 35 6.3 | 3,680 | 4,940 6, 290 | 2, 140 39 lb 22 eee 
403-2 Se | 1020) (Portland IN2--. 22 + G2 | SS oe See Ss ee ene 24 ZO 5 ae ees 35 5.9 | 3, 860 5 640 6, 630 4 410 60,222 eee 
404___..- |) 103°) Portland So. 22-2 (02 he ee een 24 DOF es ee 35 6.0 | 3,010 | 4,380 | 5, 470 | 3,160 68a o Eee 
4055een 2 1045 -Portiand, Pees. | OD At See a eee ee 24 | 20 Pye ee 35 6.4 | 2,940 | 4,380 | 5, 530 280 0 oat see eee 
| et LOba) Portland. O2=e2= . 66 | 24 a per Se Celite 24 7a) eee Cal ee 35 6.4 | 3,530 | 5,050 6, 670 | 3, 760 561|-2. 2S eee 
admixe | 
7 ee Nees 5 le ows Le lana : | 35 | 5.7 | 3,520 | 5,390 | 6,500 | 4,300 
iy ee 106 | Portland U____.-- jz 35 6.1 | 3,080 | 4,410 | 6,480 | 2,490 
416 225) 107 | Portland V_----= : 35 6.5 | 2,830 | 4,540 | 5,920 | 2,940 
sd Cy een ene i 108i) Portland Wie =. +== 35 5.8 3, 670 | 5,010 | 6,510 | 1,490 
vA ess | 74 | One-half Port- uit Ap eeee 7. et Fey ee 24 | 20 | (2. ak ree See 35 15.8 | 6,330 | 7, 630 | ry 600 | 8,990 105: |-2 Se eee 
| land A, one-half | 
| Portland B. 
422 8.8. 97, 98 Foend Ki and HOO Ps oe, Oe ee ee 24 | 20!) Seapets 35 10.5 | 6,890 | 9,880 | 9, 560 /10, 230 107" \o25) 5223 eee eee 
RM setae 86,99 | Portland I_.._...- Oooh CoS. ee Ree oe ee 24 20) 5 ben a eee 35 12.1 | 8,020 | 9,330 | 9,720 | 9,380 a a eR Sr eee a 
424 §_ | 82,95 | Portland ©l 5: 2 pas | 5 <2e ee Roe seen See 24 | PAU Bey. Se tis Se ee 35 14.8 | 7,080 | 8, 560 |10, 120 | 8, 920 S805 S26 ose eee 
425 5__... 8 Portland esses fobs. 226 ee eee 24 | 20, i) Sse kh jee a 35 13.6 | 6,140 7,290 10,480 | 9,910 05s. 2 Se ee 
429 5____. 70,71 | High alumina B_. 35 9.7 | 9,460 | 8,420 |10, 440 | 9, 330 80 Loos Se eee 
43025. Ay 97, 98 Fortend Ki and 54 6.6 , 2,960 = 470 | 3,950 3. 680. 93% | 2 Sa |S 
2. | | 
Portland I____---- 54| 6.1 | 3,650 | 4,150 | 4,470 | 4,290 
PortlandiG@2 see 54 6.9 | 3,330 | 3,820 | 5,530 | 4,930 
Portland He sa. 54 6.5 | 3,460 | 3,950 | 5,110 | 4,840 
One-half Port- 36 6.4 | 2,590 | 4,030 | 5,050 | 4,870 
land A, one-half | | | | | | 
Portland B. | | | 
5 per cent high OOMSSe. = MERE es eee 24 | 20) | Leee  ee 35 6.3 | 2,630 | 3,880 | 5,490 | 4,100 (tijg Wm ge 
alumina B, 47.5 | | | | 
per cent Port- | 
land <A, and | 
47.5 per cent 
Portland B. | 
436_---.. | 70,71, | 10 per cent high 006)! _=. +. see eerpeeee =. 24 20/2 See eS | 35 6.2 | 2,260 | 3,760 | 4,820 | 2,720 B62 2. | 
74 alumina B, 45 
per cent Port- | | 
land A and 45 | 
er cent Port- | 
and B. 2 | | | 
7 Ly ene 70,71, | 20 per cent high 2 66. ce 5: See eres | 924 D0 As Ae eee 35 7.0 | 1,360 | 2,830 | 3,640 | 3,320 Ot f.53422:) eee 
74 alumina B, 40 | 
| er cent Port- | | 
and A and 40 | 
| per cent Port- | | 
| land B | J 
3 Mix 1:4. 4 Mix1:5. 5 Neat cement. 
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TABLE 2.—Description and tests of all laboratory standard concrete cylinders immersed in Medicine Lake, S. Dak., and parallel tests on 
specimens stored in laboratory tanks—Continued 
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: Curing method Average of compression tests 
| r ] 
| | ‘Tank specimens Lake specimens 
"T cack 
eae Admixture, impreg | pj T | ea | shige 
af sae , 4g ime m- | SOrp- | 
ae | labo- Cement sexe nation or surface | ‘Time | jp; in pores | | tion eee | 
ratory treatment in sue’ water, ture of Time | at 21 strength | 
| No. moist | water Vapor | water | in air | days | 38 as indi- | 
closet | or or | 7 days nae l year' 1 year) cated 2 years | 3 years 
steam | steam | Cave | | by tank | | 
| | speci- | | 
| mens | CE 
| | | at one lie} 
: | year 
| 7 | 3 7 - i? we | 
Lbs. |. Lbs. | Lbs. | Lbs. | 
| 4 Per | per sq.| per sq.| per sq.| per sq.| Lbs. per | Lbs. per | Lbs. per 
| ‘ : Hours| Days | Hours| °F. | Days | cent in. in. in. in. | sq. in. sq. in sq. in 
Agi eect PROB VG) Ae Reda eho hues tA SFO POG Mme ee 24 20) eee Peg ak 35 5.8 | 7,080 | 7,790 | 7,820 | 7, 220 GD Nees a ese ee Been 
AGA voc 109 | Portland B2_-_--. OE | eee e oe ee 24 PAO RN tee Octal a 35 5.8 | 3,740 | 5,010 | 7,070 | 5, 950 po Le ef dees fs AE ay 
BOO 0-2. ba 110 | Portland B2__.--- C4 | ee Oe ee 2 24 PAU Sse pale By Soecee We ae 35 5.5 | 3,660 , 4,920 6,910 ; 4, 850 TAL i este Pe | ie hee ces 
AGO ste a2 111 | Portland B3___--- 64 |) ae ee oe 24 YAU ee 2S RS eR 385. 8:7 | 3,810 | 5;020" | 5, 8607) 3,960 Giessen ee |e een ee 
CN y es! 2S Portland. xe 2 se A a eh, ee ee 24 | AQ Meroe eee eas SOnitessee te 2,830 | 4,390 | 4,820 | 4, 830 LOO Ges pares 8 eee tare ee 
Ae eae 113 | Portland 03__---- . 64 |. ee oe ee. Ae 201 eee ee eS 35 | 6.3 | 2,140 | 3,940 | 6,000 | 5, 590 OSnine sateves eae yee 
5497 | 129 One-half -Port- 62 | aa eee 24 20 | W ater at Sas Ban's Soe CS oe ee es Ree eels ee eo ale aed 
land A, one-half 212°-14 min. { 32 Be 8 FSst90 | et OL| eee ees aces ee ee, Me eke 
Portland B. | | | bee 
BOUL sean He dO Nets GigE eee . 62 | One coat. boiled lin- 24 PAs eee = Ngfene Be S5 ie (5 /8ot BBA dy O60) [een meena netes e Oe Rep ee 2s SRN ke 
seed oil at 70° F. | * | | 
afl 129) (cya 2% tee a .62 | Two coats boiled UNE DO) eels lleats eke 250 bE 8. Se780n woueGO: eee eee Te eeeich a ee SAS eR 
linseed oil at 70° F. | | 
Bova: oe 1200 oes (OVOh S "2. eeeaee 62 | One coat boiled lin- Aa meme): een ee ea, hb  Si3 Bee ko ASO C80 emeereee |e ee DR eee tee oan ee ee ae 
seed oil at 225° F. | | | 
bb3 2-22 =| 120. ee oteme sean nte 2 .62| Two coats boiled Gye) 9 DAVEE Aen eee Bb a] BE Se | 3, DOM AGOGO) | seem ieee tebe tale lear ar elle Rare 
linseed oil at | | 
/ 225° F. ; 
Oke il 20) een. Glee at Bees «(64 | = Saeeee S . ee ee 24 DO) | Seek sl ee a She 6.3 
DOue eee IOS a ee Organ Ga veeee ..64 | oa Fe eee 24 PLUM UME 0 BE 5 aa 35 6.0 
boss. sss 127 | Special AQ... 2 - + G4 | hE ee es ces 24 PAO NGS Rentate 2 > ee 35 6.0 
isfay ee taeens 128) Portland Yor. 2.2- 78: |S ee Se ee 24 | PUPA SR ah i SS 35 | 6.4 
GOS ee 127 | Special A2___-.._- 73, cn eae Seren 24 TURES Wale epee 35 6.6 
650 85-5 129 | One-half Port- « OD) |e ae os Be Beas 24 | 20 days in ‘damp 35 8.3 
land A, one-half sand. | 
Portland B. | 
560 6__... 128); Portland Y=--222- 9) ek 5 ee Sn ee 24 | 20 oats in damp SB te 89:18. 50 ebnl GO mle emmene | teres aa eee. SL 2 Re oe ee 
sand. 
61 Sea 22 127 Special A2. 2 22_ +02 | ene me ho 24 | 20 gaye in damp 35 7 OUP S COON |rdscc 20g eee eee ee ee ic 3 eee eee 
| sand. : | 
TVA ees oa Petes He Portland, Yoceeee Rat fae es Sees ee eat 24 | 20 daysin damp sand Sort Ohl" 2: 720 nea 200 em meet meee eee poate ete a ae 
BGS 6.22 127 | Special A2....-..- By a ees oe ae ee 24 | 20 daysin damp sand Bb) Orel G2 200 rE. 52 (nla wae eee eeepc tren ees [ee a Se ae eee 
564-565-- 129 | One - half Port- .62 | 244 per cent pow- 24 20 (eee 35 6:3) PSUS Out ae SL Oui ae eee aoe ce pe fee Se eee 
land A, one-half dered fuel ash ad- | 
Portland B. mixed. | | | 
BbGs2< 22. 1295/05 Cuma eee. .64 | 5 per cent powdered 24 20) eee ete Rb ale (Ged Ps SOOM s VEO) meee aa eee mete \oeke oe * [eee eet Ss 
fuel ash admixed. | 
BET pOS— 1) 7 1294\2.22- Clo: Ue .67 | 10 per cent powdered 24 210) | lene see 25 alee Gr Sse S003 to USO h| ememeeeal eee meme wee: oon Ae bed Fee he eee e 
fuel ash admixed. 
ype meen | 130 | Special B.-..----. + 62, ae ee DA C20 esos ee eee. 35 |e S: | 4. Pe Opie COO) ee memes eer ee eee eee RE Ree ee 
iy ee eon isle Special Cie mee. «6.24 ee aes SORE SRE DEE 24 D0 ees ee os SB) le 16.6'(| 3, 400 (eee GRO a ae sabes somes oer sa eee 
pipe eas | 132 Portland Z-_--.-- <2) |e enee oa see aes, Sens 24 20uE ea ea Sees 35 COMM iz s\ Nal cert [Ola oe 2 keel eae A = Se Se ey ee oe 
hy (eee 183 | Portland AA_---- 62, eee oe ese eee 24 7 Wah = ee (eee 85 65.0), 400 4 S20 Rieereee ae ence eee tee toe ee (ais toe 
Diesel 134 | Portland G1---.-- 62: IESE So eee Cones 24 20) Rea ee a 35 G3) 5 OIG C10 ome ee ee | eo es Hea ay aes 
BUSzeesc- 129 | One - half Port- .62 | 1 per cent Truscon 24 201 tease ee Shit) Le ee RS Red Dany ee ICO Nota 3,0 Se ee Soe eee oe Sele 
Jand A, one-half admixed. | 
| Portland B. | | | ) 
ye aes 120 | sens Ovee sae eas | .62 | 2 per cent Truscon 24 20) aeeeesl see Slew =o 3.37 Oca SSO) || eae eee ae ee ee eeee te ee che [has Se eee 
admixed. | | 
OS Oe ee, LOO eee se done ates ce | .62] 4 per cent Truscon 24 UE ese 5 BAe. 2s 3, 020 | ee Oa 2. oe Sites So alee eee es [NE Sere age Ee a ae 
| admixed. | | 
DSi TPA ge SE (6 Fo}: ap ee Bee | .62]6 per cent barium 24 | 10) diese ce al eee ee 35 GAS ESS BS05 AND On Bere eves eee ee ape ne | ee 
chloride admixed. | | 
OSs ATR te Chie Ss ee | 62 | 12 per cent barium 24 PUN: Sees ey ee eae 35 6.7 | 8, 240 Lae ee Seem uae Nec pe SRM ees PS bh Pee, 
chloride admixed. | | | 
O8dn 25252 1308 |e AGioee. wee 62) (Passa pce e ane een 24 | 20) te ee eee ees | SOMME. O. |G, 80 4 Ob OM ee eee ee ee er eee ees Ae eel ree ee 
1) ees 130° | 25 dome F225 3: 302. | sats eee eee ee 24 20 |1min.| 212 851 "6:3 |'3;, 740 | 5; LOU a econ seen es ete ent | alle AOE Eg 9 See 
B85 ates fe 130) ea doneatens 9 A eae ke ed DAN eee imin.| 212) 55) 6.4 | 2,770'| 2,860 |.---..-|.2.-... ene ne eal hee Se eee 
BB6-887_-|) 180-|2.1-. hee Dir 0D ia artes oe aries quae cic ee [Pes | 3970 |B O20 enemas aot fae oe, Cee Nea 
(Bul aa 139) |... eli: So ee | .64 | 2per Ge Celite ad- 24 0) ange epecsed Bbr | 06rd) | 8,200 8, 84D ee eaalen See BE SF eh eo aerator 
mixed_ | 
635-636.-| 139’ |_.-- dete Sf 4 |e ones Ys eee 4g| 919). 63'| 6.3 1'3,.960'| 4,330 -[222-<--\ee Pcen fee, Se ie 
Gor=Oeeee)) “189 peo 22e Cp Sites xe ee |, .64 | 2 per pent Celite ad- DAG ya wees 48 212 53 6.2 ASTEO: AST EON oe een eee 2 ee See gee Re el rae ca 
mixed. 
639_.---. 120. Goines neu. 64} 2 per cent Colloy 24 DOE dade | oe te 285 rh 8; Sal B; 680°) 4, OHO. oc cots oY eet cele eine 
admixed. | | | | 
(Elly. So 130) eeeee GRE see ee [hss ¢. GA Nah tent eects ane eee 24 20hie: sees eee a2 Petr tein) 8, 820° | 6, Samii: eae Fe aera [eR PAtes aoa Sele CER. 2 yee 2 
(ey eee ee a TESA Ms) ae a (EN ERS Ss al 164,12 totee sesso tot ee ES PN ee val 48 | 212 SSO) CON RAM Cee LOlm) feta ZC) Meek Sse = lll ele eee 
642-643_.| 139 |----- Or eso nes | .64]2 per cent Colloy | HN || ee Ss 48) 212 OS: 1 6. 8) By SLO! | 4100) eee aed oeeee |---------|---2 22-222 /22--22---- 
| admixed. | | 
| 
2Mix1:2 5 Neat cement. 6 Mix 1: 2.25 and fineness modulus 3.10. 
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TaBLE 3.—Description and tests of standard Ottawa sand cylinders immersed in Medicine Lake, N. Dak., and parallel tests on specimens 
stored in laboratory tanks 


(U nless o therwise noted the mix is 1:3. Each test result, with a few exceptions, is an average of five cylinders made on different days.) 










































































. Curing method Average of compression tests 
Tank specimens Lake specimens 
ae sae ! Tem Ab- bi ae 
* men r Admixture, lmpreg- Hs Os | ie sorp- age o 
Series labo- Cement W aes nation or surface Time é oy pera- tion Seo) 
No. | rator HELEN treatment in | Time | water, | tute Of] pime | at 21 strength 
No. moist vapor weer in air | days 98 as indi- 
Glosetife oe |, wore eos 7 days| 4; lyear|1 year] cated | 2 years!| 3 years! 
or ays 
steam | team |- by tank 
fc speci- 
mens 
at one 
year 
Lbs. | Lbs. | Lbs. | Lbs. 
. 7, a ies eit per sq.| per sq. | per sq. | per sq. | Lbs. per oe Oe Lbs. per 
ours ays |Hours r, ays | cent. in. pan |) ee in. SOs 4s SO de sq. in. 
iRiver 2 17 reece aoe LOPE] Pe a lh ae fer iy ZA |\Saenees 48 155 25 9.8 | 2,660 | 3,080 | 3, 580 770 23 0 
A, one-half Port- 
land B, 
LOSteee es iy fl eka ove ecnnesae! 9.8 | 2,590 | 2,910 | 2,930 | 2, 540 ro ig) Ma ah ase sa 3,390 
iOS See. iy Gal eee domsawee nes 9.6 | 2,670 | 3, 220 | 3,490 930 27 0 0 
lol 0)ae eee ily fa) Pee domee ewes 9.5 | 2,600 | 3,160 | 2,940 | 2,720 O88 Soa se eee 3, 160 
Ti eg ea ty Ober es seas 9.7 | 2,510 | 31,30 | 2,630 | 2,450 93 lasaneeeese 2, 820 
Ea Pe: nb Ga eee COL eee 10.0 | 1,650 | 2,630 | 3,540 } 1,790 
L1Sooeo2 Lue (clo kane lees 10.7 | 2,000 | 2,000 | 2,980 840 
Laermen Wale ee Om na 10.1 | 2,270 | 2,790 | 3,040 | 630 
TS Sos Ny Gi ease (oven See eee 10.1 | 2,730 | 2,900 | 3,400 860 
Li ae yon ey os Oko ee ee 10.3 | 2,220 | 2,470 | 2,500 | 2,430 
1272 ee 17 Ost wee te 9.1 | 2,530 | 2,710 | 3,460 | 2, 280 
2S sce se4 Lf, i] eee CON ne fay ae 9.1 | 2,350 | 2,480 | 2,830 | 3,180 
Hoe 1B (9 ba Ons oes Se 9.0 | 2,700 | 3,120 | 3,320 | 1,970 
100! set f7al Ss eedowen nese ees 9.1 | 2,750 | 2,720 | 2,830 | 2,080 100; | 259. See eae 
sto Sse Uti epee. 0 tut he aes MN 9,2 | 2,630 | 2,470 | 2,600 |} 2, 560 t= | Renee an Sc RS a 
132----—- 14 | High alumina A_. 8.1 | 2,250 | 2,910 | 2,760 | 2,790 101 2.930" | eee 
{a3 14 eee dogs 8.0 | 2,280 | 2,680 | 2,080 | 2, 900 139 3,140; |e ee 
ie ae 14 |p si Foyer el A eed 8.0 | 2,470 | 2,850 | 2,440 | 2,840 116 39120.)| 22ers ; 
135eren 1a athe (oho ty Sa ete 7.8 | 2,620 | 2,960 | 2,650 | 2,590 98 2,030) |. cee 
136_.=525 145 score domeesi tos 7.8 | 2,550 | 2,930 | 2,630 } 2, 580 98:4 ne 23, 110M Se eee 
143 Sock Pa BOare ses ior. 8.7 | 2,910 | 3,600 | 3,590 | 4, 060 118 |2-2s~acacaltee nena 
Hag Psa o dU: | Bene ol Soe ae eect 9.3 | 4,220 | 4,480 | 4,220 | 4,310 
14a ee oie (Cle wie alee tes 9.1 | 4,320 | 4,640 | 3,750 | 4,490 
re eee Ss cee at So eae Oe 8.1 | 2,200 | 2,760 | 2,780 | 2, os 
1462-222) Gee ee (ee oe 7.8 | 2,500 | 2,870 | 2,500 | 3,01 
248-250__ 10 | Special A3__.--_-- 9.5 | 1,430 | 2,730 | 3, 750 | 3, 280 
254-255__ 58 | High alumina C= 9.3 | 5,010 | 4,850 | 2,920 | 4,340 
DiGi eae 27 | High alumina B__ 6.3 | 6,210 | 7,680 | 6,490 | 8, 000 
277-278__ AES aod COI a ee es 8.3 | 5,060 | 4,830 | 5,110 |} 5, 560 
me : es - ee oe eee ite 10.2 | 3,380 | 3,090 | 3, a aos ou 
BOE tae a ene (emer a 11.8 | 2,160 | 1,920 | 1,68 
202 oo 58 | High alumina C__ 12.3°| 2,130 | 1,820 | 1,130 920 0 
203..2255 19 Ope tet ae 9.9 | 1,420 } 2,240] 3,850 | 2,140 56 1,840) Soe 
and A, one-ha 
Portland B. : 
204e ee ae 190 ees dO tes ena . 64 peeve impreg- 24 20 [S22 eon ea 35 9.9 | 1,350 | 2,210 | 3,130 | 1,500 48 970) |-cceee eee 
nated. 
25 ore ee LOGIE Es (RO Sarge eae a .67 | 10 edna sulphur 24 Dit ea a tae 35 9.7 | 1,150 } 1, 250 | 1,870 0 0 (ie eee 
admixed, 
ai fist eee UA exe Ds Go seteeanL aes . 64 pe Inertol 24 20 sees 2 ere 35 | 10.5 | 1,430 | 2,790 | 3,640 | 2,970 820) eo. 2 | 
a . 
3 














: Hee me parentheses show percentage of normal strength as indicated by parallel tests on cylinders from same batches stored in tap water in the laboratory. 
Be MLSS. 

3 Mix 1:4. 

4 Mix 1:5. 
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Fig. 8.—CyYbiInpErRsS Maps witH DIFFER- 
ENT BRANDS OF STANDARD PORTLAND 
CEMENT AFTER ONE YEAR IN LAKE 


ANALYSIS OF CONCRETE ARCHES 


“Analysis of concrete arches,” by W. P. Linton and 
C. D. Geisler, which appeared in the June and July, 1927, 
issues of Public Roads, is now available as a separate 
publication. The authors have developed a method 
which greatly reduces the tedious and complicated 


_ processes usually followed in the calculation of arch 


stresses. The method makes use of a set of standard 
forms, based on formulas not greatly different from 
those found in other texts. Many of the entries on 
the forms are the same for all arches and can be printed 
on them; and the authors have presented the various 
steps in filling out the forms in such a way that the 
work is largely mechanical and the chances of error 
greatly reduced. 

A copy may be secured by addressing the United 
States Department of Agriculture, Office of Informa- 
tion, Washington, D. C. 





REGIONAL HIGHWAY PLANNING SURVEY 
FOR CLEVELAND 


Field work has been under way since September 3 
upon the Cleveland regional highway planning survey, 
embracing a territory within a radius of approximately 
30 miles of Cleveland, Ohio. The survey is being 
carried on by the United States Bureau of Public 
Roads and Cuyahoga County as the principal cooper- 
ators. Information and assistance is also being rendered 
by the several administrative organizations responsible 
for highway development in the Cleveland region. 


The preliminary work included a comprehensive 
study of traffic density—its distribution, origin, and 
destination—on the various routes in the area. This 
is being followed by a study of the traffic capacity of 
the various county highways and the principal entrances 
into the city of Cleveland and an analysis of the present 
highway system. Recommendations as to the location 
of new highways or relocation of present routes will 
involve consideration of the influence of such factors 
as topography, waterways, railroad terminals and 
yards,.large industrial plants, suburban developments, 
and special use areas. With this information there is to 
be developed a plan of highway improvement adequate 
for anticipated traffic and designed especially to elimi- 
nate highway congestion. An improvement budget 
for a period sufficient to carry the complete plan into 
effect will also be prepared. 


At the present time collection of field data is prac- 
tically completed and a detailed analysis of this mate- 
rial is in progress. ‘Traffic records were taken at 263 
points in the area and show the daily and hourly 
volume of passenger cars, motor trucks, and motor 
busses on all important highways. Information was 
also taken as to weights of motor trucks. Records as to 
the origin and destination were taken for approxi- 
mately 100,000 vehicles. 


The “roughometer”’ described in the issue of Public 
Roads for September, 1926, was used in making a 
condition survey of the improved roads in the area. 
This instrument is attached to a passenger car and 
gives an accumulated record of the roughness of the 
surfaces over which the vehicle is driven. 


Another new instrument, used for the first time in 
this survey, gives a record of the speed at which traffic 
moves at all points along a highway. This instrument 
is being used in studying traffic congestion and traffic 
capacity of various widths of highway. 
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GASOLINE TAXES FOR FIRST SIX MONTHS OF 1927 



















































































| Disposition of total gasoline tax earnings ! Tax ae months 
Exemp- | F 
Gross tax | tion Total tax | - en - -———- ai batty pee rire 
assessed | refunds | earnings on) Gonshracn Alpe Cents : 8 ey ) a hake t 
State prior to (deducted) fuelfor | Collec. iter? UAes vk ee Fada Statoland eal er eael oe 3 one an 
aaancorn from ROTOR . enance of rural roads sean ; gallon Date of se : y ae ) oe 
ofrefunds | gross | vehicles?  gosts aa Mistel-..°|___ sean oo motor y motor 
abet reas, roa laneous 6 vehicles vehicles 
ax) | (half State Local bond | change 
| year) highways roads payments | Jan. 1 | June 30 
a — = _ — — — ——$____ | —— 
Alapamyseeete.s-2 $25,653,000) enon oe $2, 658, 637, | $10; 802-1! $1, 800, 778 | $lye42; 567 |----.-. ---- ae 2 4 |) Jan. 25 68, 096, 599 
Jl oiey: peas See 662, 729 | $144, 130 DLS O00 tl oer 259, 300 259) 290) |b = o-oo. hiwbteseconc = 3 Siuic awe ace as 17, 286, 641 
FAT CANSAS 22 ves = 1, 741,086 | 180,527 | 1,560,559 | 46, 817 358, 929 | P71, 661M 2! $088; 152) ee eee soe ee 4 5 | June 9 39, 013, 981 
Galiforimial. 2. 226-224 9, 677, 342 | 641,408 | 9, 035, 934 | 19,918] 4,508,008 | 4, 508,008 |..-.-------|-------.---- 2 2 (4) 451, 796, 681 
Colorado 2222. ec-5e— 1, 237, 359 43, 282 | 1,194,077 (5) 730, 359 AGS a (LSE eee ae cael coe eee eee 2 38 | May 1 57, 701, 371 
Connecticut=2-—-- === 1, 307, 024 1,307; 024 Jo -skee eee 1807026 Seances eee 2 DE es Store t 65, 351, 209 
Welaware. os. 2s--- = 273, 203 267, (Ol ee 267 09 L Meee ee 2) 3 | Mar. 24 10, 329, 754 
1D Yo} nko ep eee 5, 355, 219 5, 355, 217 2, 100 4, 014, 888 1, 338, 279 4 4 (8) 138, 880, 422 |_ 
Georgina. 22S eessse 38, 071, 528 3, 071, 528 2,100 | 2,192, 448 876, 980 34 SU Ge Sere ae ees 87, 757, 935 
Tdahon2 eee ee ea 637, 373 606, 694 5, 203 601,491. aw Sees fe! 4 | Feb. 28 15, 750, 489 
Tliniois. Loe sees e ae Pe oe re rae eae ee [ce fes Sr 0 1.0 INO ntaxse ee sae eee 
inaiang (222 e see 4, 697, 106 4, 564, 711 7,398 | 3,088,209 | 1, 519, 104 3 Rape ee oe 152, 157, 038 
TOW eer a oo ee 2, 865, 439 88, 256 | 2, 777, 183 4, 956 924,076 | 1, 848, 151 2 2 (8) 138, 859, 170 
Kansas e:sene= secre cs 2, 217, 334 326, 089 1, 891, 245 (9) 1, 640, 500 250, 745 2 Dipl. eens 94, 562, 249 
Kentucky. 2224-2) 2,472; O15) [aoa oe ee 52; 472, OLD) | Poets aos D072; Ola ee eee 5 Spout ca Sees 49, 348, 018 
Mowisiana.c-s.e<ss6 1411, 60442 es 8 | 1,411, 554 (10) D4 UU Od siecoe eee oe Z ORM EE Saleen Ses = 70, 577, 705 
Mining (see eee) 761,073 | 18,148 742,925 | 5,341 368, 792 368, 792 3 Gy | adele caepis 24, 461, 721 
Maryland.---------- 1,831, 600) UOT, BOT | mly Tidy 442 NN) wed onOn 2 lal SS Ames ae eee neues 2 4 ; Apr. 1} 57,069, 042 
BINT SAS SSEA COUN US © Ss oe eee a |e |Soecatonnoss 0 OM IN'O: tax. | Poo see eee = 
Michigan -..-------- 5, 414, 065 | 380,267 | 5,033,798 | 14,718] 2,994,725 | 1, 024, 355 2 2 (14) 251, 689, 874 
Minnesota... ------- 2, 367, 545 93,218 | 2, 274, 327 (15) DOLLA WH (al eal Se Ee 2 DE ees 115, 891, 613 
INMISSISSippitos22=sS—2 25136, 296) |-c2se25 kee 2, 136, 296 1, 800 1, 003, 006 1, 068, 244 4 0 | he ene es 51, 826, 257 
IVISSOUTI Bees aoe 2, 968, 788 47,128) Nee2n02l, OGb li me24, OLY ol 52,897, O48) Pane ee ocean 2 ue a ee 146, 053 264 
NiOntANA see. 4- Sees 443, 439 15, 076 428, 363 38, 150 ADS DASA BES 5 eee ee 3 ee see eee eee 3 Sultans ft 14, 278, 756 
INebraska= =-=-2-e2-> 1, 477, 472 7, 408 1, 470, 064 38, 639 1, 466, 425 Be see seeer = Joe he on eal eo etoes ees 2 eee 73. 503, 208 
Navadne oon eee 217,604} 18, 107 1905467) | eet atte 99, 749 Or 74 Re ee = a a eee 4 ci eae wae e 4987; 410 
New Hamsphire ---- 421, 366 7, 765 AIS 51 Mies ee AIS (68g eae see ate TE ee eee 2 8. | May ‘1 | | 18,310, 415 
INGW JOISOYe< <S ances ees e ae ane ale eee |------=--=---|---------|-----~--~-5~}------------|----------- pasee slew ere 0 LUO INO: bax selbst 
New Mexico. ------- 186145200 }ie-s22seees | 18614, 200 | 11, 590 6021610: SE aah eee eS ee es 3 5 | Mar. 7 14, 081, 758 
New, Viotk och cstcn oO noe eet Ee a a ee re eee Peal eed ee eee ee Heep eek. ae ee ee 0 Cum No tax) ase 3 eee 
North Carolina__---- 4,108, 931 | 176,387 | 3, 932, 544 Srelaa TOs ei4or eee see 1925919581] saeneee eae 4 Ave eee en 22S 98, 313, 590 
North Dakota-_--_---- 467, 210 Aree 395,033 jlaemes ae 395;'033 3 Ran: Sees PS eee [eee yo eee 2 CE Ae ee ene 19, 796, 669 
Ohio 222-3 Eee 7, 722, 220 182, 394 4/099)(S260 [sees s 4, 739, 600 NRA tos) 0) ae ern ee ae 20 1, 527, 396 2 3 May 25 336, 902, 146 
Oklahoma_2t2=-5- = 3, 208, 634 12,2258 1 OsslO0;,5 (Op | =e eee ee ASO: OO! Nels OGSK45 Ga lesa a2 ee ee 3 Bh i ewe ee 110, 262, 328 
Oregon. 22 seees= esas 1, 690, 893 77, 684 | 1,613, 209 4,149 | 1, 609, 060 3 Bi <a 54, 084, 297 
Pennsylvania------- 6, dO 6960 esse | 6,101, 696 (21) 4, 067, 797 2 2 (22) 305, 084, 825 
Rhode Island-_------ 326, 848 25, 877 300, 971 (23) 253, 953 1 2 |June 1 25, 395, 311 
South Carolina__---- 2, 214, 215 3, 579 2, 210, 636 (2!) 1, 360, 794 5 ie Se 44, 212, 717 
South Dakota__----- 1, 095, 630 | 135, 000 960, 630 | 2, 783 957, 847 3 3 (25) 32, 616, 933 
Monnessee.--25-=--= TCS a}? eee Sed 1, 983,139 | 19,831] 1, 963, 308 3 Si i: eae 66, 104, 639 
Tlexase. Sees sea Dy. 910; O00 |e eeeen SOT 0a ese oee 4, 481, 665 1 3 | Mar. 16°! 271, 417, 466 
ital: Aout eee ey An key een eS 567, 794 5,375 | 2% 212, 419 | 3% OUI 22 toe | 16, 222, 709 
Mornnont=--e=2- = 21D, 030 \\eseaeeeee 2107008 22 eee 275, 536 2 3 | June 1 12, 130, 292 
Warginiac sone eee 3, 298, 685 | 176,167 | 3,122,518 (28) 2, 081, 679 | 414 5 es | 69, 259, 098 
Washington__------- 1,734, 604°) 103,378) 1,/631,'226 {2_-2 22-2 1, 631, 226 | 2 Dale Ln ye | $1, 561, 285 
West Virginia_--_---- 1, 458,314 | 42, 257 1, 416, 057 (30) 1, 416, 057 | 3% 34% (31) 40, 458, 768 
NiSCOuSIN =~ assess 2, 618, 397 92, 339 2, 526, 058 (82) 1, 085, 000 2 Pt ere a 126, 302, 901 
Wiyominge2 257, 275 367 256, 908 33.8 256, 900 | 24% 3 | Mar. 1} 9, 244, 481 
District of Columbia. 551, 405 2, 800 548; COS aoe eee le oS SIS So eee See 34 548, 605 7} | ts ee 27, 430, 267 
HT ota) 22 shee as ee ee 101, 250, 841 | 204, 663 | 69, 616,088 | 22, 843, 566 | 4,598,751 | 3, 987, 773 | Aver. 2.55 cents |.-.------- 3, 971, 423, 311 | 947, 700, 000 
1 Disposition data is estimated in some cases, and approximately allocated accord- 18 Includes $4,402 for license fees for gasoline distributing stations. 
ing to motor fuel laws. 18 Approximated by prorating motor vehicle fees and gasoline taxes for interest on 
2 Actual amount available for disposal excluding refunds. road bonds. 
? On State highway bonds, $78,028; remainder on District road bonds. 20 For maintenance of streets in municipalities. 
4 New 3-cent tax effective July 29, 1927. 21 Paid from general fund; approximately $40,000. 
5 Paid from oil-inspection fund. 22 New 3-cent tax effective July 1, 1927. 
6 New 5-cent tax effective July 1, 1927. 23 Legislative approxiation $5,000 for the year. 
7 New 2-cent tax effective Aug. 1, 1927. : 24 State appropriation of $5,000 for the year. 
$8 New 3-cent tax effective July 4, 1927. 25 New 4-cent tax effective July 1, 1927. 
® Paid from State general fund, $4,500. 26 For free-school fund. 
10 Collection cost of $3,750 from Legislative appropriation. 27 Not available for road use until 1928. 
11 Includes $125,742 for elimination of grade crossings. 28 On State road bonds. 
12 Assigned to Baltimore City, includes $31,435 for elimination of grade crossings. 29 Costs of $3,228 paid from appropriation from State revenues. 
13 State highway bond retirements. 30 Collection costs and interest of State road bonds chargeable to this fund but 
14 New 3-cent tax effective Sept. 4, 1927. amounts not reported. 
15 Collection costs, $2,300 from inspection oil fund. 1 New 4-cent tax effective July 1, 1927. 
16 For sea wall to protect highway; collected by an extra tax of 2 cents in Harrison 32 Appropriation by State of $5,000 for half year. 
County and 1 cent in Hancock County. 33 Excludes $600 costs not charged to tax. 
17 New 2-cent tax effective July 1, 1927. #4 Assigned by law for use on Washington streets. 
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ROAD PUBLICATIONS OF BUREAU OF PUBLIC ROADS 


Applicants are urgently requested to ask only for those publications in 
which they are particularly interested. The Department can not under- 
take to supply complete sets nor to send free more than one copy of any 
publication to any one person. The editions of some of the publications 
are necessarily limited, and when the Department’s free supply is 
exhausted and no funds are available for procuring additional copies, 
applicants are referred to the Superintendent of Documents, Govern- 
ment Printing Office, this city, who has them for sale at a nominal price, 
under the law of January 12, 1895. Those publications in this list, the 
Department supply of which is exhausted, can only be secured by pur- 
chase from the Superintendent of Documents, who is not authorized 
to furnish publications free. 


ANNUAL REPORTS 


Report of the Chief of the Bureau of Public Roads, 1924. 
Report of the Chief of the Bureau of Public Roads, 1925. 


DEPARTMENT BULLETINS 


No. 105D. Progress Report of Experiments in Dust Prevention 


and Road Preservation, 1913. 


*136D. Highway Bonds. 20c. 
220D. Road Models. 
257D. Progress Report of Experiments in Dust Prevention 
and Road Preservation, 1914. 
*314D. Methods for the Examination of Bituminous Road 
Materials. 10c. 
*347D. Methods for the Determination of the Physical 
Properties of Road-Building Rock. 10c. 
*370D. The Results of Physical Tests of Road-Building 
ROCkame Los 
386D. Public Road Mileage and Revenues in the Middle 
Atlantic States, 1914. 
387D. Public Road Mileage and Revenues in the Southern 
States, 1914. 
388D. Public Road Mileage and Revenues in the New 
England States, 1914. 
390D. Public Road Mileage and Revenues in the United 
States, 1914. A Summary. 
407D. Progress Reports of Experiments in Dust Prevention 
and Road Preservation, 1915. 
*463D. Harth, sand-clay and gravel. 15c. 
*532D. The Expansion and Contraction of Concrete and 
Concrete Roads. 10c. 
*537D. The Results of Physical Tests of Road-Building 
Rock in 1916, Including all Compression Tests. 5c. 
*583D. Reports on Experimental Convict Road Camp, 
Fulton County, Ga. 25c. 
*660D. Highway Cost Keeping. 10c. 
*670D. The Results of Physical Tests of Road-Building 
Rock in 1916 and 1917. 5c. 
*§691D. Typical Specifications for Bituminous Road Mate- 
mews, iKQe. 
*724D. Drainage Methods and Foundations for County 
Roads. 20c. 
*1077D. Portland Cement Concrete Roads. 15c. 
*1132D. The Results of Physical Tests of Road-Building 


Rock from 1916 to 192i, Inclusive. 10c. 


DEPARTMENT BULLETINS—Continued 
No. 1259D. Standard Specifications for Steel Highway Bridges, 
adopted by the American Association of State 
Highway Officials and approved by the Secretary 
of Agriculture for use in connection with Federal- 
aid road work. 
Rural Highway Mileage, Income, and Expenditures, 
1921 and 1922. 
Highway Bridge Location. 


1279D. 
1486D. 


DEPARTMENT CIRCULARS 


No. 94C. T. N. T. as a Blasting Explosive. 
331C. Standard Specifications for Corrugated Metal Pipe 
: Culverts. 
MISCELLANEOUS CIRCULARS 
No. 62M. Standards Governing Plans, Specifications, Contract 
Forms, and Estimates for Federal Aid Highway 
Projects. 
93M. Direct Production Costs of Broken Stone. 
105M. Federal Legislation Providing for Federal Aid in 
Highway Construction and the Construction of 
National Forest Roads and Trails. 
FARMERS’ BULLETINS 
No. *388F. Macadam Roads. 5c. 
*505F. Benefits of Improved Roads. 5c. 
SEPARATE REPRINTS FROM THE YEARBOOK 
No. *739Y. Federal Aid to Highways, 1917. 5c. 


*849Y. Roads. 5c. 
914Y. Highways and Highway Transportation. 


REPRINTS FROM THE JOURNAL OF AGRICULTURAL RESEARCH 


Vol. 5, No. 17, D- 2. Effect of Controllable Variables upon 
the Penetration Test for Asphalts and 
Asphalt Cements. 

Relation Between Properties of Hard- 
ness and Toughness of Road-Building 
Rock. 

A New Penetration Needle for Use in 
Testing Bituminous Materials. 

Tests of Three Large-Sized Reinforced- 
Concrete Slabs Under Concentrated 
Loading. 

Tests of a Large-Sized Reinforced-Con- 
crete Slab Subjected to Eccentric 
Concentrated Loads. 


Vol. 5,.No.19, D= 3. 


Viola; 
Vol. 6, 


No. 24, D- 6. 
6uD=—8: 








Vol. 11, No. 10, D-15. 








* Department supply exhausted. 
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